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Executive Summary

An advanced-technology Integrated Safety and Sigdtnforcement System (ISSES), now
deployed at three commercial vehicle inspectiogssationg interstate highways in Kentucky,
was evaluated from the point of view of system genfance, potential effects on inspection
selection efficiency (choosing the highest-rislcksifrom the stream of commerce), user
acceptance, and costs.

Objectives. The overall purpose of the Kentucky Commercighi¢le Safety Applications
(CVSA) Evaluation was to provide an independenesssent of the performance, usability,
safety benefits, and wider applicability of an aalved system for screening trucks at the
roadside. The system, known as ISSES, has bedoyddmlong selected interstate highway
routes by the Kentucky Transportation Cabinet, uadgrant from the Federal Motor Carrier
Safety Administration (FMCSA). ISSES is made umoédiation monitor, a thermal inspection
device, a laser scanner/vehicle detector, a licplade recognition system, and a USDOT
number reader. The system has potential applitafiar both highway safety and nuclear
detection/homeland security. The present evalnasidocused on the first deployment, at
Laurel County, near London, Kentucky, on I-75 nbdtind. This Technical Report describes
the evaluation objectives, the data collection @aic analysis methods, and the evaluation
results. Goals of the evaluation were to estimdtether the ISSES will make highways safer
and more secure, and to determine how the ISSE®&s1thk commercial vehicle inspection
process more efficient and effective. The maireatpof this evaluation were (a) system
performance, (b) inspection selection efficienay &) user acceptance/system costs.

Data Collection. For the system performance study, available wata collected from all of

the relevant ISSES subsystems, vendor informasi@te inspections conducted on commercial
vehicles during a 2-week field observation, and pepections at the London site and other
comparable sites in Kentucky. Several visits weagle to the London site for observations. For
the inspection efficiency study, data were colldaia the decisions made by inspectors at the
London site, compared with data available fromI8®ES during the same period, and with data
potentially available from external state and naialatabases. For the user acceptance and cost
study, data were collected in a series of intergiawd researcher observations at the London

site.

Data Analysis. For the system performance study, data were zedlyy comparing actual
performance data versus manufacturer and systegrator specifications and user
documentation. For the inspection efficiency sfutlg current methods for selecting trucks to
inspect were documented, and the safety charaateris the general commercial vehicle
population at the site were determined. Statistizadels were used to project effects of ISSES
on the efficiency of selecting the highest-riskcisi for inspection. These results were used to
model the potential reductions in truck crashesetian an improved ability to take these
highest-risk trucks out of service (OOS) until tlaeg repaired. The views and attitudes of the
inspectors and others working with ISSES at thedoonsite were summarized, to document
perceived system usability and ideas for futurdaepents, and to depict the one-time and
recurring dollar costs to deploy and operate tI&ES in the field.
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Schedule. Planning for the evaluation began in June 2008 ,the full-scale independent
evaluation began in October 2006. Field obseraatend most interviews took place in June
2007.

Results. Overall, despite the fact that commercial vehiale enforcement staffing levels in
Kentucky did not allow for full-time, dedicated uskthe ISSES by inspectors at the time of the
evaluation, the subsystems that were under evatuatithis task were found to be performing
effectively in a stand-alone mode. During thedfiebservation, the radiation monitor generated
a relatively large number of gamma alarms for ralyioccurring substances, causing inspectors
generally to ignore most of the radiation alarmAéso, despite having been installed for two
years, the roadside system was not yet integraitédnvstate or national databases of historical
safety information on carriers or vehicles, soIB®ES was not able to provide instant,
“actionable” historical information that the inspa&c could apply in their decision-making.
Such integration has the potential, if implementedfford significant benefits in vehicle
screening and safety enforcement, according tontbaeling performed in connection with the
inspection efficiency study. The ISSES softwaré emmponents now deployed—though
operational—are considered to be in a developmewlenas of late 2007.

The vendor informed the evaluation team that threpany attempted to use commercial, off-
the-shelf technologies for the ISSES whenever ptessiWhile this approach provides
advantages with respect to reducing first costsadiogving the state to begin using subsystems
like the thermal inspection camera and radiatiomitoo immediately, it also increases the cost
and difficulty of integrating disparate commer@ggbktems.

Kentucky’s current inspection selection methodseaempared with potential applications of
ISSES technology across a set of scenarios, useddel improvements in commercial vehicle
safety, as measured by changes in the rates ofddd@%s issued to commercial vehicles.
Applying various combinations of inspection selectstrategies and available or envisioned
technologies for real-time vehicle identificatiomdasafety information exchange at the roadside,
in a hypothetical statewide deployment supportingut 44,000 vehicle inspections and 86,000
driver inspections in a year, the ISSES was estéichtd contribute to incremental reductions of
between 63 and 629 commercial vehicle-related esapbr year, reductions of between 16 and
163 personal injuries, and reductions of up totalitzes.

The overall user acceptance of the system waguliffio measure for two main reasons. First,
the KVE inspectors interviewed in 2007 for this lenagion reported having had very little

training on the system, which had been in placévioryears prior to the evaluation. The vendor
reported having held a training session when teeesy was installed in 2005. Offsite training
and onsite exercises for response to radiatiomalarere also provided. Secondly, the workload
and day-to-day priorities of the inspectors gemgrause them to rely more on visual evidence,
professional experience, and judgment than on ashtechnology screening devices such as
ISSES when they make inspection selection decisidhsis the ISSES was in place and
operating at the inspection station, but was notgesed to any effective extent during the
period of the evaluation.
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The deployment took place in a larger enforcementext that has up to now emphasized and
rewarded inspectors for the numbers of inspectiloeg complete per time period, not
necessarily for achieving high rates of OOS orddiisus the purpose of the ISSES (to help
inspectors focus on the trucks with the worst satetords, and in effect drive upward the rate
of OOS orders) is not directly aligned with thediteonal, quota-driven goals of the inspectors in
Kentucky. Both approaches, i.e., the productigitgompleting a large number of inspections
and the efficiency or effectiveness of identifyadpigh proportion of safety violations per time
period, are valid goals of commercial vehicle exdpon. This institutional disconnect in
Kentucky, however, affected the degree to whichinbpectors perceived the ISSES as helping
them achieve their personal and organizationafjmds. The inspectors who were interviewed
tended to regard the ISSES as a technology théd potentially help in their inspection duties,
but they had not had the breadth and depth of eqpEs in using it to permit a detailed
characterization of the degree of user acceptance.

The system at Laurel County cost $350,000 to ihstiilally. The Kentucky Transportation
Center (KTC) at the University of Kentucky, whictasvinvolved in ISSES contracting between
the state and the vendor, reported that funds @ Ridge National Laboratory were also used
in the original Laurel County installation and dgphent, and that subsequent systems installed
in other Kentucky counties have cost the stateagmprately $500,000 each to procure and
install. The state has also paid approximate@¥I@0 in follow-up costs paid to the system
vendor between November 2006 and August 2007 fgoiog maintenance, off-site monitoring
of system status, and on-site troubleshooting, sscystem calibration, testing, adjustment,
technical support, training, and repair at allred tSSES sites. Not all of these follow-up costs
have been directly related to actual ISSES maimiemand repair, however. Some fraction of
the costs were for administrative activities, saifte/programming support, and communications
protocol development for the nuclear detection gstiesn.

Conclusions. The KVE inspectors at Laurel County were not gghre ISSES to any great
extent during the period of the field study. Aatiag to interviews with inspectors and with
staff from the KTC, the ISSES hardware was fundtigrsatisfactorily, but the state’s current
enforcement staffing levels—and an organizationgbleasis on the quantity of inspections
completed, as opposed to the rate of OOS ordersdssprevent inspectors from having the
time or incentives to make effective use of theinfation being displayed by the ISSES.

Although they were not yet integrated with anyestat national data sources, the portions of the
ISSES under evaluation in this study appeared fpebi®rming as designed. The system has the
potential to reduce commercial vehicle relatedtweasinjuries, and fatalities substantially if
deployed more widely. Such wider deployment walf depend on the ISSES being
connected with current and historical sources fdtgand inspection data, which would enable
inspectors to focus their efforts on the highesit-garriers, vehicles, and drivers, while allowing
the safer, more compliant vehicles to continuediiag past the weigh station. Overall, to the
extent that they had been exposed to the ISSESist#Ts at the Laurel site were positive toward
it and appeared to recognize its potential, butiwitheir current organizational environment,
they regarded it as more of a developmental tetswarch device than as a tool that they
wanted to use immediately in their day-to-day comuiaé vehicle inspection and law
enforcement duties.
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Abbreviations

Abbreviation Definition

ALPR Automated license plate recognition

ALTS Automated Licensing and Taxation System
CDLIS Commercial Driver License Information System
CMV Commercial motor vehicle

Ccv Commercial vehicle

CVIEW Commercial Vehicle Information Exchange Wimndo
CVISN Commercial Vehicle Information Systems andwrks
CVSA Commercial Vehicle Safety Applications (Kerkyr
DHS U.S. Department of Homeland Security

DVR Digital video recorder

EWD Extended Weight [Coal] Decal

FARS Fatality Analysis Reporting System

FHWA Federal Highway Administration (USDOT)
FMCSA Federal Motor Carrier Safety Administratid#SDOT)
FMCSR Federal Motor Carrier Safety Regulations

HQ Headquarters

ICC Interstate Commerce Commission

ID Identification

IFTA International Fuel Tax Agreement

IS Intelligent Imaging Systems

IR Infrared

IRP International Registration Plan

ISS Inspection Selection System

ISSES Integrated Safety and Security Enforcemesite8y
ITS Intelligent transportation systems

JPO Joint Program Office (U.S. DOT)

KIT Kentucky Intrastate Tax

KTC Kentucky Transportation Center (Univ. of Kerityp
KVE Kentucky Vehicle Enforcement

KYU Kentucky Use

L&l Licensing and Insurance

LTCCS Large Truck Crash Causation Study

MCMIS Motor Carrier Management Information System
MCSIP Motor Carrier Safety Improvement Program

MDI Model Deployment Initiative

NAFTA North American Free Trade Agreement

NCIC National Crime Information Center

NLETS National Law Enforcement TelecommunicatiostSyn
OCR Optical character recognition

00S Out of service

ORNL Oak Ridge National Laboratory

PRISM Performance and Registration Information &yst Management
RE Roadside enforcement

RITA Research and Innovative Technology Administr@{USDOT)
SAFER Safety and Fitness Electronic Record

SM Safe Miles

SSRS Single-State Registration System

TFSS Truck Fleet Safety Survey

USDOT US Department of Transportation

VMT Vehicle miles traveled
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Abbreviation

Definition

VNTSC John A. Volpe National Transportation Syst&esnter (USDOT)
WDT Weight distance tax
WIM Weigh in motion
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Technical Report
Kentucky Commercial Vehicle Safety Applications Eva luation
January 31, 2008
1.0 Introduction and Program Background

The London, Kentucky, northbound weigh stationmterstate 75 is the site of an advanced,
computer-aided, integrated system intended to ¢mipmercial vehicle inspectors with
Kentucky Vehicle Enforcement (KVE) improve the etfieeness and efficiency of roadside
safety, security, and registration enforcement afpmns. The system, which was commissioned
in June 2005 and formally dedicated by the GoveomoAugust 12, 2005, is now in daily
operation (Figures 1-1 and 1-2).

Officials in Kentucky refer to the system as thiegirated Safety and Security Enforcement
System (ISSES). The system is also known as part of “Kentucky'sigtt Station of the 21
Century.” The station is located at mile market@Bveen Corbin and London in Laurel
County. Funded in part by the Kentucky TranspataCabinet through federal highway funds
(Project VIILH.15.C), the system is the first af Kind in the country. Since 2005, two similar
systems have been installed in

= Kenton County (I-75 southbound at mile marker IB8miles south of
Cincinnati/Covington, commissioned August 2006)

= Simpson County (I-65 northbound at mile markernttee route from Nashville,
Tennessee, commissioned October 2006).

A fourth site, in Lyon County (I-24 eastbound iruovestern Kentucky), is also being
considered for 2008, pending the outcome of the’stavaluations of the existing systems.
Also, a mobile version of the ISSES is scheduledi&ivery in 2008.

Partners with the Kentucky Transportation Cabinghis deployment include KVE, the
University of Kentucky Transportation Center (KT@hd the Federal Motor Carrier Safety
Administration (FMCSA, an agency of the US Deparitref Transportation, or USDOT). The
KTC is working with Transportation Security Techogies LLC (TransTech, based in Oak
Ridge, Tennessee)—which is the vendor leading aartionm of private-sector equipment
developers and manufacturers—plus various othepooent vendors, suppliers, software
developers, subcontractors, and system integradansdertake the Kentucky deployment.

! Three of the abbreviations used in this reporpleapo be similar and may be confusing. “ISSE&hds for the
advanced-technology portal screening system degloy2005 and being evaluated at Laurel Count$S~lis the
USDOT computer-based Inspection Selection Systetnaduced in 1995, and available nationally toiaithe
commercial vehicle inspection decision proces$S™is the corporate abbreviation for Intelligentdging Systems,
a private company formerly known as Thermal Eyehhetogies, which is active as a vendor in the dgwelent
and deployment of the ISSES.
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Figure 1-1. London, Kentucky, northbound I-75 weidp station (Laurel County). ISSES thermal
inspection cameras in foreground and portal monitofautomated vehicle identification system in
background.

Figure 1-2. London, Kentucky, ISSES deployment. y&tem control cabinet at left; elevated
radiation detection panels close to truck lane onitler side; visible lighting and identification
camera apparatus in foreground.
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TransTech is a subsidiary of Intelligent Imagingteyns, formerly known as Thermal Eye
Technologies, based in Edmonton, Alberta. In aaldiinearby Oak Ridge National Laboratory
(ORNL) in Tennessee has been instrumental in pnogidxpertise and funding support for the
Kentucky deployment.

The focus of the present evaluation is commer@aiale safety and enforcement, in particular
assessing the capability of the ISSES to providpantors with real-time inspection-decision
aids. The system also, however, has homelandigeapplications in terms of detection and
prevention of radiological incidents or attackie$e security functions are outside the scope of
this FMCSA-sponsored evaluation.

The USDOT sponsored an independent evaluationedkémtucky deployment, to provide the
government with important information on the accyrapplicability, feasibility, and
measurable benefits of selected technologies ®irusther jurisdictions that may be
considering similar Intelligent Transportation yst(ITS) deployments. The independent
evaluation, which is described in this report,n®wn as the Commercial Vehicle Safety
Applications (CVSA) Evaluation. An Evaluation Stgy (USDOT 2005a), Evaluation Plan
(USDOT 2006c), and Test Plan (USDOT 2007c) werpgamexd, detailing the research
objectives, hypotheses, evaluation measures, aaccdiection and analysis methods. This
evaluation is organized around three related ssudie

» System performance
» Inspection efficiency, with a focus on safety imygments
» User acceptance and costs.

2.0 Goals of the ISSES Deployment Project

The overall goal of the roadside deployment atLilvedon northbound station is to enhance the
screening of commercial trucks by more readily tdgimg those trucks that might pose safety
hazards and/or unreasonable risks to homelandigecdentucky seeks to develop a roadside
system that gives the inspectors automated toal®tk more efficiently, while not burdening
the inspectors with added duties and complexitgtifidations from the system should be
backed up by valid, accessible, and convenientatatae roadside.

3.0 Technologies Being Deployed

The ISSES technology in Kentucky is intended tegdnspectors real-time information about
trucks passing by the scale house at a slow raegdsfmominally less than approximately
15 mph, according to posted signs) through sevetegrated subsystems:

A bulk radiation detection monitor

A front tractor automated license plate recogni{idbhPR) system

A USDOT number reader, using optical charactergeitmn (OCR) technology
A thermal imaging (infrared, or IR) inspection syst
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= A vehicle classification system (laser scanner).

The system also includes an overview (color stithge) camera mounted near the roof of the
scale house and a (visible) color video image systeparallel with the IR camera. The
locations of the primary systems relative to therall weigh station layout in Laurel County are
illustrated in Figure 3-1. Further descriptiongraffic flows into and around the Laurel County
site, and the prevailing methods of inspectionctilr, are presented in the Inspection
Efficiency section below.

Inspection

Truck Parking
A. Upstream equipment: open/closed sign; Norpass transponder D. ISSES equipment: radiation detector, infrared brake monitor,
readers and notification transmitters; mainline WIM laser scanner, license plate reader, peripherals
B. Sorter-lane WIM E. Arrow sign for return to mainline (straight)

C. Arrow sign for bypass ramp (left) or static scale (right) DEEportiorinspectiBNgiY

Figure 3-1. Layout of weigh-inspection station andraffic patterns at London, Kentucky (Laurel
County) on northbound I-75. lllustration is not to scale.

When the evaluation began in earnest in early 20@7equipment vendor/integrator reported
that the radiation monitor, thermal imager, licepkde reader, USDOT number reader, and laser
scanner were installed and fully operational imdtalone mode at the London site. Integration
and data transmission software were still in dgualent and testing. Related testing activities at
the site by other organizations, outside the sodpeis independent evaluation, are detailed in
the Evaluation Plan (USDOT 2006c¢).

The Kentucky deployment of ISSES is unique in that attempting to integrate disparate

enforcement and security functions. TransTechiiseatly working with more than 10
jurisdictions (e.g., Florida, New York, Virginia,u@bec, and Ontario) on deploying similar

Kentucky CVSA/ISSES Technical Report 4 January 31, 2008



systems, but these typically involve subsets (AlgPR + weigh-in-motion, or WIM, or ALPR +
USDOT number reader + WIM), and not the full set@fbined functions being attempted in
Kentucky.

4.0 Summary of Evaluation Goals, Objectives, and H  ypotheses

This independent evaluation conducted on behaliefJSDOT is intended to document the
performance and benefits of the ISSES from a natipaint of view and provide practical
information on commercial vehicle safety and eéfiwy that will be useful to other states
considering the deployment of similar equipmenrdfe§/-related results from this independent
evaluation are also being incorporated into thenat evaluation of the Commercial Vehicle
Information Systems and Networks (CVISN) Deploymrdgram under a separate task order
with the USDOT (2006d,e; 2007a).

The goals and objectives of the Kentucky evaluatioimmarized below, are described in the
Evaluation Strategy (USDOT 2005a), which was pregdrased on research, phone contacts,
and site visits in July and August 2005. Relate@sures, data sources, methods, and
anticipated deliverables for the independent evanavere described in an Evaluation Plan
(USDOT 2006c¢).

Two goal areas, with respective objectives and thgxes, guided the evaluation. Although
each objective is numerically related to a particgoal area, most of the objectives were
interconnected, and were instrumental in achiewiioge than one goal.

Goall To estimate whether the ISSES will make highwaysasurably safer and more
secure.

Objective 1.1  Measure subsystem and integrated system perfoer@naracteristics.

Hypotheses: The radiation monitor accurately aleihspectors to potential radiation
hazards, and produces minimal false alarms.

The thermal inspection device enables inspectorsee potential heat-related defective
or malfunctioning equipment that might not be redgivisible otherwise.

The laser scanner accurately logs the passage wtks through the ISSES apparatus,
and signals other subsystems.

The ISSES performs with a minimum of unscheduledvdatime.
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Objective 1.2  Use data from the field test to determine therithistions of kinds of vehicles
traversing the weigh station under normal condgioifthis provides a baseline
for reference in assessing the highway safety lteradfthe ISSES.

Hypothesis: The distribution of commercial vehisl@assing the London site, relative
to the respective motor carriers’ SafeStat scoragas, is similar to that of the national
population of commercial vehicles.

Goal2 To determine how the ISSES makes the inspectioogess more efficient and
effective, in turn contributing to improved highwagafety.

Objective 2.1  Determine the degree of user acceptance and tbeiyped usefulness and
usability of the ISSES as deployed, and quantifylalenent and operating
costs related to the ISSES.

Hypotheses: Inspectors and state transportationrmagers believe that ISSES enables
roadside inspectors to perform their job functiobgtter.

Inspectors believe that ISSES should be deployedewaidely.

In deploying similar systems, officials at othettas believe their system enables them to
perform their job functions better.

Inspectors found their training and user documentiai for ISSES to be helpful to
them in their normal course of duties.

In deploying ISSES, Kentucky incurred one-time starp and recurring costs that
were clearly defined and measurable.

Objective 2.2  Measure the ability of the ISSES to improve insjpecselection efficiency,
and in turn to yield reductions in crashes anddires of highway security.

Hypothesis: The ISSES can help inspectors focusithefforts on higher-risk trucks.
Objective 2.3  Explore options for integrating the data availabben the ISSES with existing
safety, enforcement, and administrative data ssyearel prepare models or
plausible scenarios for Kentucky or other statespialy.
Hypothesis: Data from ISSES can yield importantfarmation for commercial vehicle

enforcement and administration when combined withtd from other state and federal
sources.
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5.0 System Performance Evaluation

The purpose of the system performance evaluatiatavassess how well the ISSES performed
in the field, relative to its design and its intedduse as described by the system vendor through
information such as product literature, specifimasi, and training materials. The evaluation
team attempted to determine the performance afathi@tion monitor, the thermal inspection
system, and the laser scanner.

As detailed below, the system in Laurel County appéo perform reasonably well in
comparison with expectations, and consideringithatthe first installation of its kind in the
nation. The system displayed real-time visual digdal-format information about the trucks
passing through the ISSES portal, permitted usessdn retrospectively through data screens
showing visual imagery and digital data on previpassing vehicles, and produced usable data
archives from the various subsystems, with som#dtions. The user interfaces in the scale
house were intuitive and seemed to be easy to,lgawen appropriate training.

This assessment was affected by several impowdaturs:

» The local ISSES was not yet integrated with antesta national databases of historical
safety, inspection, out of service (OOS), or regigin/licensing information, so it was
operating in a stand-alone mode.

* The staffing levels at Laurel County were such ttmKVE inspectors were assigned to
use the ISSES as part of their mainstream job slufféne system was in place and
operating during the evaluation period, but aschatehe user acceptance section below,
in general no one was attending to the informasioown on the ISSES display screens.
The inspectors appeared to consider the system $tilbsomething of an experimental
or test prototype rather than an integral tooldieieving their day-to-day safety and law
enforcement goals.

* Related to the previous factor, the deployment fglake in a larger enforcement context
that has up to now measured safety improvementsdeovided incentives to inspectors)
based on the numbers of inspections completedyas®d on achieving high rates of
OOS orders among a set number of inspections coedpld hus the purpose of the
ISSES (to help inspectors focus on the trucks thighworst safety records, and in effect
drive upward the rate of OOS orders) is not diyealigned with the current
organizational goals of the inspectors in KentucBpth approaches, i.e., the
productivity of completing a large number of insp@as and the efficiency or
effectiveness of identifying a high proportion afety violations per time period, are
valid goals of commercial vehicle inspection. Timstitutional disconnect in Kentucky,
however, affected the degree to which the inspsgierceived the ISSES as helping
them achieve their personal and organizationatjumdds.

» At the request of FMCSA, the evaluation team w&edd$o disregard the performance of

the ALPR and USDOT number reader systems. Theseulysystems, which if
effective could help KVE achieve important safatyegning goals, did appear to be
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operating during the evaluation period. Both thd®’R and the USDOT number reader
were capturing and logging visual image and digiaimat data on some portion of the
commercial vehicles passing through the ISSES hdntid no quantitative evaluation of
these subsystems was made. KTC is evaluatingettiermance of these systems as part
of the state’s CVISN program.

* Some of the data that were planned to be colldeted, electronic screening bypass data
for the first week of the field observation andrthal imaging video data from the Laurel
County site) were not available, owing to unforeskardware problems and
communication gaps or misunderstandings betweeevaleation team and the system
vendor. Also, because no inspectors were usin388ES thermal imaging system under
normal circumstances, the thermal imaging videb\tzes made available to the
evaluators was from a special two-day trainingisessvhich resulted in the quality of
the image data available for analysis being redffipoor and uneven.

5.1 Data Collection

Data were collected on all of the relevant ISSESgstems from information provided by the
system vendor and from site visits to two Kentualkgigh stations. Specifically, training
materials and design specifications describing IS8&d its components were provided by the
system vendors, Transportation Security Technofogi€C (TransTech), an affiliate of

Intelligent Imaging Systems (lIS). Field inspeati@ports prepared during the ISSES field
studies and training exercises in Laurel Countylexton County were provided to the research
team by the Kentucky Justice and Public Safety i@ztls Department of Vehicle Enforcement
(also known as Kentucky Vehicle Enforcement, or KVESSES output generated during the
field observation period (June 11 through 22, 2@0@Taurel County) and during a two-day
training exercise at Kenton County (July 31 to Asigl, 2007) was provided to the research
team by TransTech/IIS between June and Septemi2803f The research team also visited the
Laurel County weigh station in mid-2005 and in J@087, and visited both Laurel and Kenton
in January 2007 to gather feedback from KVE pereband observe ISSES performance
directly.

The following subsections describe the technolotlias comprise ISSES, provide examples of
output expected to be generated by the systenswandharize the observations made by on-site
personnel during the Laurel and Kenton site visits.
5.1.1 System Components, Configurations, and Outjs
ISSES consists of the following component techniekg
= A vehicle detection and classification system, Whises a laser rangefinder to detect
commercial motor vehicles (CMVs) and measure thggred, height, width, and

length, facilitating the identification of vehictgpes based on key characteristics
(e.g., number of axles).
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= An overhead camera that documents the passingbf@slV by capturing an image
of the vehicle (Figure 5-1).

= A radiation detection system, which measures gammmdaneutron radiation levels, to
help inspectors recognize potentially hazardougnatshipments and cargo.
Inspectors at the station were also provided whilarzd-held radiation detection and
identification device, which can be used once ektthas been parked for closer
inspection.

= A thermal imaging inspection system, which displagd records IR and visible
video of the CMVs as they pass through the senaiosying inspectors to detect
thermal/visual anomalies.

= An automatic license plate recognition (ALPR) sgstevhich captures and stores
wide-angle and narrow-angle digital images of tloatf of passing CMVs and
performs OCR on the tractor front license plate bers.

= Adigital USDOT number recognition system, whiclpitaes digital images of the
sides of passing CMV tractors and performs OCRhentSDOT number posted on
the side of each tractor.

Figure 5-1. Example image recorded by overhead cara at the Laurel site.
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Several of the ISSES subsystems have dedicatedutengervers located in the scale house at
the weigh station. ISSES is designed for instaltleat CMV weigh stations, where it can be
used by weigh station operators to identify potmgroblems and/or safety concerns with
passing CMVs and to compile CMV traffic data ankentstatistics. The following sections
detail the configurations and outputs of individlB$ES components.

Laser Scanner (Vehicle Detection)

The ISSES laser scanner serves two purposes, iEasts as the main trigger for the system:
when a CMV passes through the detection zoneater Fangefinder signals the overhead
camera, ALPR system, and USDOT number reader tim lbeflecting data. Second, the scanner
generates data on the vehicle’s length, width,Hiegpeed, and number of axles as the vehicle
passes through its two laser beams. These datasedrfor vehicle classification. At Laurel, as
currently configured by the vendor, the data ogiennumber of axles, speed, and width is
collected by the ISSES laser scanner/sensor sybigiig not stored. The vendor determined
that such information had limited value in termsnspection operations at the time of
deployment. Once the ISSES is connected to extdata sources and automated screening
rules are programmed, the state may choose tdeset thresholds for width, length, etc., and
store these data for later analysis if desired.

Under normal conditions, laser scanner output stisif five messages for each vehicle that
passes through its field of detection. These ngessypically are generated in the following
order:

Vehicle Detection — Beam #1
Vehicle Detection — Beam #2
End of Vehicle — Beam #1
End of Vehicle — Beam #2
Vehicle Classification.

arwnE

The first four messages detect the presence dfialeeand its position in the lane. The fifth and
final message transmits the vehicle’s speed andigdiycharacteristics (length, height, width,
and number of axles), classifies the vehicle, andiges a degree of confidence for the
classification result. For validation purposedjigke classification information can be cross-
checked against images from the overhead cameraxsenple in Figure 5-1).

Figure 5-2 shows some of the ISSES components.|aBlee scanner apparatus is at right center,
aimed downward at a slight angle toward the roadwayur auxiliary photocell (conventional
light beam) emitters/receivers are mounted in ahpattern on the upstream support poles of
the two square, raised radiation portal monitorgitimer side of the roadway. These detection
devices appear as small gray boxes in Figure Bh&se electronic beams supplement the laser
triggering system that detects the beginning amboéreach passing vehicle.
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Figure 5-2. Laser scanner for triggering and clasBcation (far right) and raised radiation portal
monitors (left and center-right).

Radiation Portal Monitor

A key role of ISSES is to alert weigh station opers of potentially dangerous vehicles and
cargo. The radiation portal monitor (NucSafe Itlgws ISSES users to determine whether the
bulk levels of gamma and neutron radiation emittech passing CMVs are above or below a
preset threshold. Unlike the Laurel County systém,ISSES deployed at Kenton County has
an isotope identification feature in addition te tapability to measure bulk radiation levels
against a preset threshold. As shown in Figureteéportal at Laurel is configured as a pair of
sensor panels mounted on opposing towers on eitherof the weigh station vehicle lane. The
panels face each other and detect the neutronanthg rays emitted by vehicles that pass
between them. If either type of radiation levet@ads a user-defined threshold, the system
initiates a neutron or gamma alarm that can be ardriheard by the ISSES user, via the user
interface. The gamma alarm sounds different frioenrteutron alarm, and alarm intensity is
governed by the radioactivity of the cargo. Faaraple, items that emit higher levels of gamma
or neutron rays produce louder and higher-pitchadres than items that emit lower levels of
radiation. Once an alarm sounds, the user candeide whether to divert the vehicle that
triggered the alarm for inspection. The radiapantal monitor allows weigh station operators to
monitor for dangerous cargo without slowing traffic

A number of output files are generated by the tamhadetection system and stored on the
radiation (or rad) server. All of these files tll a naming convention that includes the date of
“occupancy” (i.e., passage of a single CMV throtlghportal), the time of occupancy, and the
vehicle’s sequential occupancy number (i.e., tHecle's place within the rolling “count” of
vehicles that have passed through the portal) exemple filename is provided below:
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[ Date ] [Time][ Occ. # ]

v vV v

NS_SYSTEM_20070731_094159 124275.jpg

The following file types (extensions) are generdigdhe radiation monitoring software. In
some instances, the sample contents have beed &alpeotect the vendor’s proprietary
information, while providing a general idea of faaction of each file type.

= OCC - This file type contains details about each\VCa it passes through the ISSES
station. Contained within the file are the dumatad occupancy in seconds (circled)
and the status of both the neutron and gamma afamtisat CMV. Sample contents
of an OCC file are provided below:

Occupancy Root : NS_SYSTEM_20070801_115014_127873
Occupancy Count: 127873

Occupancy Tile : SYSTEM

Top View Tile :

Occupancy Time : 11:50:14

Occupancy Date : 08-01-2007

Occ Duration
Neutron Alarm : False Alarm Status
Gr Gamma Alarm : False €—| Faise — No alarm
True — Alarm

» JPG - These image files save the count rate anu glafile for a particular
occupancy. Sample JPG files from the Kenton anddlaites are shown in
Figure 5-3 below. While the underlying data are $ame, the two JPG images are
configured differently. The Kenton images depitinaeline, whereas the Laurel
image superimposes a plan view of a generic comalemhicle. The superimposed
vehicle image remains the same no matter the amafign of the actual vehicle.
The computer image is drawn as a semi tractoretrtol reflect the predominant truck
configuration passing through the portal. In theecof alarms, both formats provide
the inspector or analyst with a visual cue as ¢ddleation of the emitting source
relative to the geometry of the vehicle. Notewhgying time periods of occupancy,
ranging from 3.8 seconds at Laurel (c) to 5.0 sds@n the Kenton gamma alarm
image (a), reflecting varying travel speeds ofttiree trucks through the radiation
portal monitor.
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a. Kenton — Gamma Alarm

_ Diiver, 07-31-2007 00:20:54 Vehicle # 123686 5.0 zec DR 01 238 uSwihr GARMMA

| 10599 244

[ | ‘ | |
L | | | |
3 4 3 2 1
T Passenager

b. Kenton — No Alarm

Drriver, 07-31-2007 09:42:29, Vehicle # 124278 4.4 zec DO 01370 uSw /b

Jb__.__
i
el
i

FPazzanger

c. Laurel — Gamma and Neutron Alarms
M&STER: 06-12-2007 12:07:47. VEhILE‘:;_!E # 354743 3.8 zec OR: 05224 mB Gakha sLARM  MEUTROMN ALARKM
ET18538
Nt ==
115718
o5

REMOTE GAMMA SLARM - MEUTROM AL&RM

Figure 5-3. Graphic representations of radiation nonitor output for CMVs passing through the
Kenton and Laurel sites.

= BAL — This NucSafe file type is generated but notmally saved by the system. It
is a message file indicating that a radiation alha® started; the file also records the
time at which this has occurred. The followingisexample of BAL file contents:

07:01:45
Gamma Count Rate Alert

= DATA - This file type, similar to the OCC file, generated by the ISSES software,
not by NucSafe. Thus, DATA files are not assodatgh the radiation portal
monitoring function and are unrelated to safetypergment.
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= |D - This file type, generated only by ISSES whenfgured with isotope
identification (e.g., at Kenton), contains a spestopy report. The file is generated
only when a radiation alarm is activated and spsctopy is performed. The contents
of a sample ID file are presented below:

Peak radiation level in
08-01-2007, 11:57:50 micro-sieverts per hour
Unit: SYSTEM, Vehicle: 127913 (1 uSv = 0.1 millirem)
Peak Gamma: 0.1145 uSv/hr
Peak Neutron: 0.02708 uSv/hr

Isotope Source

[Isotope deteCted}_’ 1-125 90%(med) Medical Options:
_ Xe-133  71%(low) Medical <€— Medical (seen at left)
(e.0., Xe = Xenon) X “Norm” — Naturally Occurring
-123 59%(IOW) Medical “SNM” — Special Nuclear Materials
? “Ind” — Industrial

Software’s confidence level that isotope
is actually present (user-defined)

Defaults:
Low — Below 75%
Medium — Below 95%

= NAF — These NucSafe Alarm Files contain the stadt@nd times of the alarm state
for gross counting purposes and for each energg begion of interest. When all
alarms clear, the peak dose rate is recorded. ekamples of NAF contents are
shown below (one in which no alarm was activatédffd one in which a gamma
alarm was activated [2]):

[1] 13:10:05 No Alarm

[2] 06-12-2007 05:00:08 End Alarm-CPS: 4464 Lvl: 11.12586
06-12-2007 05:00:08 End Alarm-CPS: 4503 Lvl: 14.07915
06-12-2007 05:00:08 End Alarm-CPS: 3284 Lvl: 10.62847
06-12-2007 05:00:08 End Alarm-CPS: 3323 Lvl: 13.57283
06-12-2007 05:00:08 End Alarm MAX Dose Rate: 0.00594 mR/hr

= SPC - This file type contains the spectra storethbyspectroscopy package used to
generate the ID report. An excerpt from an SPE€(abbreviated for display
purposes) is shown below:

Length  :1024

Realtime :1.25

Livetime :9.99

Deadtime :0.999

CalibPoint1 : 9999999

CalibCoeff :a=0b=3 c=0d=0

SpectrumText : Nucsafe 07-31-2007 10:01:42
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Infrared/Thermal Imaging System

The ISSES infrared (IR)/thermal imaging system U= signatures to help weigh station
inspectors identify possible heat-related defectmafunctioning equipment on a CMV that
might not be readily visible otherwise. Figure Shbws the thermal image cameras. As
described below, one camera captures IR, and teg oaptures mixed IR/color images. Users
of the system are trained to recognize defectafetysconcerns characterized by unusually high
temperatures (e.g., overheated brakes or tires)rmormally low temperatures (e.g., brakes that
should be generating heat during use but are rgatgad), which show up on the video as
exceptionally bright or dark spots, respectiveélyne system can help inspectors identify a
variety of problems beyond brake issues, such asheated wheel bearings, faulty universal
joints, leaking (hot) fluids, and flat or damagé&dd. The inspector uses the relative differences
in brightness and darkness to discriminate betweemally operating components (usually
wheels and tires) and potentially malfunctioninginsafe components.

Two video feeds are captured from the thermal icispe device, which houses one full-color
video camera and one thermal/IR video camera. dJsamtrols in the scale house, an inspector
can “fade” (superimpose or overlay) the screen grfagm visible/color to IR views, to obtain
the optimum image for a given vehicle or ambiegitting condition. A third video, separate
from but integrated with the thermal imaging systestaptured by a gable-mounted color
overview camera that has pan-tilt-zoom capabilityt,is normally focused on the ISSES truck
portal. The images are archived on a digital videmrder (DVR) for approximately one month
or until space is needed. Figure 5-5 providesxamle of a still image from the composite
video captured at the Kenton site. The three nmaages show color video from the gable-
mounted overview camera (top left); IR (top riglaind overlay, or combined color/IR (lower
left). In the sample shown in Figure 5-5, the fadetrol had been set by the user to full IR, so
that the two close-up views of the passing trugkeap to be identical. This was a user setting
and does not represent a hardware fault.
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Figure 5-4. Location of thermal imaging video camms at Laurel site, showing pan-tilt-zoom
camera head. The cameras are upstream of the scéleuse, facing the oncoming lane of traffic at
an angle.
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Figure 5-5. Images captured by thermal imaging vido cameras at Kenton site, as replayed on
DVR viewer.
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USDOT Number Reader and ALPR System

Although the USDOT number reader and the ALPR sstiegys were outside the scope of this
evaluation, descriptions of the two subsystemgereided here for reference purposes. ISSES
uses OCR systems as the basis for its ALPR systent&DOT number reader. OCR
technologies provide digital strings of licenset@leharacters and USDOT numbers—as well as
visual imagery—to weigh station inspectors withdisrupting the flow of commerce. The
ALPR relies on pulsed IR lighting technology, whitee USDOT number reader relies on visible
lighting, including lights specifically installe@f nighttime operation of the USDOT number
reader. For the ALPR at Laurel, ISSES uses twaecasto achieve the resolution needed for
OCR. Working in tandem, the two cameras provideeater field of view so that license plate
images are captured no matter where they are thcat¢he vehicle, and wherever the vehicle
might be in the lane. Figure 5-6 shows the two Rldameras, installed with slightly different
orientations. One camera is pointed more towagditiht side of the vehicle front, and the other
camera is pointed more toward the left front. Fegb+7 shows the configuration of the USDOT
number reader camera, located at about the hefighé @enter of the tractor (cab) door.
According to the vendor, increases in digital raoh and imaging technology have enabled
newer deployments of ISSES to function with a ®nglLPR camera. Also, a new version of the
USDOT number reader using IR lighting is at theingsstage and will be deployed in Kentucky
in the future.

Figure 5-6. Two cameras used for ALPR subsystem.

ALPR output consists of JPEG images of the targhtole’s front license plate. While the
cameras capture four images (two wide-angle anchavmw-angle), the data storage system
shows the best two images for each vehicle — orrewaangle/focused image of the plate and
one wide-angle image of the front of the vehiclée file names of ALPR output files include
the date and time of the reading, along with a deddext string representing the OCR reading
of the license plate number, and a confidence lassbciated with the reading. If the digits on
the license plate cannot be read by the systenfiléh@eames contain the term “no-read” in place
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of the license plate number. Examples of imagesig¢ed by the ALPR system are provided in
Figure 5-8.

Figure 5-7. Rear view of USDOT number reader camer (at center foreground, on narrow post
below two light fixtures). Two ALPR cameras are orlarger post at right of USDOT camera.

USDOT number reader output consists of one or tles per CMV, depending on whether the
OCR sensor is able to recognize the USDOT numbéneside of the vehicle. When the digits
can be read, an event file is generated with anfil@e that includes the date and time of the
reading, a decoded text string representing the @@ging of the USDOT number, and a series
of numbers representing the confidence of the ngaaind status of the record. In such cases
(i.e., when the number is legible), a JPEG imag@eiportion of the vehicle containing the
USDOT number is also generated; the date/time startie JPEG file name corresponds with
that in the event file name. In these cases amveant file is generated, with the word “Fail” in
the file name where the OCR reading would othernlvese When the digits cannot be read, a
JPEG file is created but, based on a decisiondyémdor, the file is discarded and is not passed
to the storage archive. This decision was drivgpart to conserve disk space and to improve
operational performance. Another factor at thégstof testing and deployment was that
inspectors working under tight time constraints ldaardinarily have little time available to
review old image files. It would be helpful in fue systems to program the system to archive a
JPEG file automatically in such cases, so thatyatetould attempt to identify trucks
retrospectively, even when the OCR system did @ad the USDOT number successfully. An
example JPEG image generated by the USDOT numbéerés shown in Figure 5-9.
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c. Narrow-angle/focused — digits not recognized (n  o-read)

d. Narrow-angle/focused - digits identified
VF591710.

Figure 5-8. Images generated by the ALPR system.
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Figure 5-9. Image generated by USDOT number readerActual USDOT number is on passenger
side of tractor cab (lower left). ISSES-generate@CR text conversion is superimposed at upper
left.

5.1.2 Field Data Collection and Direct Observatios

ISSES deployments at weigh stations in Laurel Go(marthbound) and Kenton County
(southbound) were included in this evaluation. eSatiption of these sites is provided in
Sections 1 through 3 above. The data used tosasgstem performance were collected during
the following time periods:

= Laurel County station — 12:00 AM on June 11, 200éugh 11:59 PM on June 22,
2007 (12 days); and

= Kenton County station — 12:00 AM on July 31, 206ugh 11:59 PM on August 1,
2007 (2 days).

As noted in Section 5.1, the research team visited-aurel County site several times during the

course of the field study. During these visitspmbers of the research team conferred with KVE
CMV inspectors, CMV police officers, and with vemdepresentatives from TransTech/IIS.
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Team members also observed the inspection selgotomess from inside the weigh station scale
house, and they observed and photographed senspadtions taking place. Observations made
during these visits are reported below.

Research team members who visited the two deploysits noted several structural or design
differences between them, as outlined in Table 5-1.

Table 5-1. Comparison of Laurel and Kenton statiorconfigurations.

ISSES Feature Laurel Kenton
Lighting fixtures for USDOT | On passenger side, facing | On driver side, facing away
number reader toward mainline from mainline
Electrical supply conduits for| Visible Hidden
lighting fixtures
Mainline WIM scale Yes No
Sorter-Lane WIM scale Yes Yes
ISSES location relative to Closer to scale house Further upstream from scale
scale house house

The location of the visible lighting fixtures walsanged at Kenton to reduce the amount of stray
light reaching the mainline of traffic. Also, thghts at Kenton are positioned such that the light
source is not visible to the approaching drivene Kenton ISSES equipment was positioned
approximately twice as far upstream from the shalese as the ISSES equipment at Laurel, in
principle allowing Kenton inspectors more time taka decisions based on the system’s output.
One other change at Kenton was the placement of #ike ISSES above-ground portal
apparatus, except one of the radiation paneldy@dtiver’'s (highway) side of the low-speed
bypass lane. This change reduces the amount gireqat interfering with the sight lines
between the passing vehicle and the inspectoristhle house, which is on the passenger side
of the bypass lane.

The ISSES interface operates as follows. The IS8&i®& system monitor allows the user to
view a summary of the seven to ten most recenksrta pass through the ISSES portal. Each
summary includes a color image of the truck, tberise plate reading, the USDOT number
reading, and the radiation alarm status (if avélabThe digital readouts on the monitor are
color-coded, such that blue means “no data avaifagfeen means “good data available,” and
red indicates an alarm condition. The user catcbwhis summary view to show all recent
trucks or only those recent trucks that triggenme@larm. Figure 5-10 shows an example of the
ISSES continuous monitoring interface.

Once the user has chosen a particular vehicleuftndr analysis, he or she can select any of a
series of individual system views, including thdiagion (rad) server, the DVR (digital video
recorder) server for the thermal imaging system AbPR (plate) server, or the USDOT number
server. The user chooses these subsystem seewes from the management interface screen
(Figure 5-11). The various server detail view ops, some of which are not yet activated in
ISSES, are listed down the left side of the intsafacreen. For example, the rad server shows
individual data for the master and remote panelsithrer side of the ISSES portal, and a
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Figure 5-10. ISSES continuous monitoring interfaceshowing the “live view.”

combined or system-level radiation data readiniis View also depicts a generic image of the
vehicle’s structure (see Figure 5-3 above), showuhegelative position of the radiation source
and its emission level (indicated by graphic litiest are depicted at various distances from the
longitudinal centerline of the vehicle).

The IR/thermal camera server can be adjusted ticlsdom IR to visible/color output. The
USDOT number server shows a large image of thedditlee tractor, a date/time stamp, a
decoded text string representing the OCR readingeoUSDOT number if available, and a
series of numbers representing the confidence tamakssof the record being viewed.

Visitors to the Kenton and Laurel sites made a remalb observations about the degree to which
ISSES equipment was used by weigh station stafff imogeneral and with respect to the
system’s intended usage. On multiple occasiosgareh team members visiting the Laurel site
observed and/or were told by weigh station persiaina¢ ISSES is not used very often. During
one site visit, the ISSES monitors were not usedlatAs described elsewhere, no one at the
Laurel site was assigned to watch the monitorsteotly, due partly to manpower and resource
constraints, and partly to the enforcement objestiat the site, which emphasize numbers of
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Figure 5-11. ISSES management interface, showine server detail options at left.

inspections rather than OOS rates. This prevehidvaluation team from comparing
inspection decisions potentially influenced by I1SS#ata readings with those decisions based on
traditional methods such as obvious visual evidemzkinspector knowledge or judgment.

The research team also learned that CMVs are andyyrpulled over when an inspector happens
to notice a potential problem on the IR screerstead of using ISSES, inspections at the Laurel
station were typically based on random selecti®syal judgment, and the inspector’s
knowledge of the carriers.

A representative of the KTC, a research organindi@msed at the University of Kentucky and
funded in part by the Kentucky Transportation Cab{ahich owns and maintains the weigh
stations on Kentucky highways), provided some &alt insight into the apparent under-use of
the ISSES equipment during the field observatidhe KTC representative noted that the
system works as designed, but that KVE staff, beead their workloads and primary duties, as
well as an institutional emphasis on achievingaquired number of inspections per time period,
perceive watching the ISSES monitors to be too-mesuming and not worthwhile, in terms of
meeting the quotas that make up part of their deygartal management objectives and incentive
system. For example, an inspector might watchiRacaimera for 30 to 40 minutes before seeing
a truck he or she wants to inspect, whereas bylistgrat the window and observing the line of
traffic, he or she will likely see a truck of inést in 10 or 15 minutes. That 15 to 30 minute
differential is often considered to be wasted thgenspectors (whether justified or not).
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With respect to individual ISSES components, tiseaech team made two key observations
when visiting the Kenton and Laurel sites. Fitlsg OCR systems are designed for trucks
traveling approximately 15 MPH past the cameraswéier, observers noted that at both the
Kenton and Laurel stations, trucks routinely traatetpeeds up to 20 or 30 MPH (despite the 10
MPH speed limit posted on the ramp), reducing itine tavailable for the automated systems to
capture, process, and report on the image anddgialautput. The vendor indicated that the
optimum vehicle speed for the system as desigr@ésents a tradeoff between the interests of
the trucking companies, who want to keep theirksumoving quickly through the station, and
the state inspectors, who want the trucks to méxelg enough to allow sufficient time to make
inspection decisions, without causing a large vawhtruck traffic to “tailback” from the

station to the mainline. From a technical viewpgine limiting factor on portal speed is the
radiation detection system. The imaging systemse few restrictions up to highway speeds, but
the ability to accurately identify trace radiatisources diminishes as vehicles travel faster than
the design speed of 15 MPH. When trucks do sdSBE&S still collects data, but the higher
speeds tend to reduce the level of accuracy.

Second, the team members learned that some usanstagatisfied with the performance of the
radiation monitors for various reasons. At the t¢arsite, a KTC staff member indicated that
the radiation detection panels are believed tebg than optimal because they are positioned too
close to the ground, effectively missing a majooitya vehicle’s cargo area (Figure 5-12). The
installation at Kenton was made with the intenéwéntually installing a second row of sensors
at a higher level. Elevating the existing panels-adading other panels on top of the existing
ones—would require a significant capital expen@itufhe system vendor indicates that the
Kenton configuration is more than sensitive enowgather accurate radiation data on the vast
majority of radiation loads passing through thet@lorAccording to the vendor, raising the
Kenton panels or adding a second level would,Hermhost part, make no difference to what an
operator experiences in the weigh station. A simdwer-profile configuration was also used at
the Simpson County site, shown in Figure 5-13. demnparison, the higher-profile panels at
Laurel County are shown in Figure 5-7 above.

Inspectors at the Laurel site report that the alasmurrently configured is too sensitive to low
levels of radiation. As a result, the alarm adggavhenever a CMV carrying harmless but
gamma ray-emitting materials (e.g., bricks, poicelelay, granite, cat litter, ceramic tile) passes
through the station, and staff are prone to igtleeenumerous gamma alarms. The gamma
detector gives more nuisance alarms than the medgtector.

The system vendor reported that the ISSES radid&bector subsystem will not be optimized
until true “risk matrices” are cross-referencedhitSDOT hazardous materials rules and remote
data to automate useable transportation safetyalfor inspectors. This “rules manager,”

which is the final stage in the development of ISS®ill cross-reference sensor data from
ISSES with remote data stores to give user-defatexds to operators. For example, the system
is being programmed by the vendor to provide anbde@i@dlarm when some kinds of radiation-
emitting loads are observed being hauled by aeraninose USDOT number is not associated
with the appropriate certificates, credentialsp@mits.
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Figure 5-12. Lower configuration of radiation detetion panel at Kenton ISSES site.

Figure 5-13. ISSES configuration at Simpson site.

According to a TransTech field support represevedamiliar with the Laurel County and
Kenton County demonstrations, the ISSES systenbéas generally reliable. However, the
system has been subject to downtime due to compbaetware/software issues (see
Appendix E). TransTech informed the research téwnthe company attempted to use
commercial, off-the-shelf technologies wheneversgas. While this approach provides
advantages with respect to reducing first costsi increases the cost and difficulty of
integrating disparate systems. Using off-the-steglhnologies allowed KVE to begin using
subsystems like the thermal inspection camera adidtion detection system immediately.
However, developing a more integrated solutionldesen a process characterized by:
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= Technical challenges associated with hardware/sofwntegration (as of November
2007, reportedly complete save for minor improvetsien

= Operational challenges (e.g., how to design theingerface to work for KVE—the
remote and on-site viewers have been redesigned gie original installations).

Several specific problems with ISSES and its coneptswere reported to the research team by
weigh station and system maintenance personnetheAtaurel station, site personnel reported
that the DOT camera was inoperable for five daysmwé fiber optic switch needed to be
replaced. In general, the system’s cameras haxepito be difficult to calibrate and are
sensitive to bumps and jars. Some time was redjtirebtain consistent readings from them.
The TransTech maintenance representative repdré¢d3ISES equipment is particularly
sensitive to downtime after power interruption®tirer system problems. All systems and
network connections need to be manually restaffted @ower is lost, in the version of ISSES
that was installed at the Kenton and Laurel sites.

Regarding the manual restart issue, accordinget@yhtem vendor, the ISSES software and
components now deployed—though operational—areidered to be in development mode as
of late 2007. The vendor has been upgrading isotdgntification sensors in Kenton and
Simpson, debugging small anomalies as they apaedrcollecting raw data for client studies.
In the near future, the vendor plans to turn talpotion mode, which will incorporate an auto
restart function.

5.2 Data Analysis
5.2.1 Data Analysis Methods

The research team analyzed system performancenbyazong actual performance data against
manufacturer and system integrator specificatioaer documentation, and laboratory test data,
where available. In essence, evaluators consideredthe component technologies performed
relative to how they wenatendedto perform.

Laser Scanner (Vehicle Detection)

The research team considered whether the lasemescaocurately logs the passage of trucks
through the ISSES apparatus and signals other stginsy. as part of the inspection efficiency
study, the research team manually collected veldeletifiers during site visits. These counts of
identifiers were used to verify the performancéhef laser scanner system in recording vehicle
events. Although the ALPR and USDOT number reademot subject to evaluation in this
effort, vehicle identification data also were usadquality checking and verification purposes as
an independent source to help ensure the comptst@feehicle records at each site.

Radiation Portal Monitor

The research team considered whether the radiatoimtor accurately alerts inspectors to
potential hazards and minimizes the occurrencetf false positives (alarm is sounded when
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no significant radiological emission is presentiireehicle) and false negatives (alarm is not
sounded when there is sufficient radiological emiss present from the vehicle). Graphical
representations of the radiological emissions fpassing vehicles were archived off of the rad
server onto a hard drive and sent to the reseaesh.t

Infrared/Thermal Imaging System

The research team evaluated whether the thermagdtisn device enables inspectors to see
potentially defective or malfunctioning equipmemtadugh heat signatures recorded by the
device’s IR camera. Video feeds captured by teentlal inspection device at the Kenton site
were archived off the DVR server onto a hard dawmd sent to the research team, which
navigated through the video footage to locate $igagthicles and determine whether potential
heat-related problems would have been visible tighvstation inspectors. The video footage
was also used as a cross-check against Driver/deBiamination Reports prepared by
inspectors at the Kenton weigh station to deternfidefects noted during the inspection were
visible in the IR images.

USDOT Number Reader and Automatic License Platel&ea
These systems were not under evaluation.

5.3 Results

This section presents performance evaluation esulteach subsystem, followed by general
system performance conclusions.

5.3.1 Laser Scanner (Vehicle Detection)

There was some discrepancy between the numbehafiee counted by the research team staff
member during site visits and the number of indiaidecords generated by the software over
the same time period. A comparison of recordsect#ld over a two-hour period on June 14
uncovered no instances in which the human obseegerded vehicles that were missed by the
software. However, the software generated a sogmf number of records (i.e., distinct rows in
the data file output produced by the software, Wiaissociates output for each vehicle from the
radiation detector, USDOT number reader, overhaateca, and ALPR system in a single line)
with “n/a” or “Not Available” values in columns thavould normally contain OCR readings, file
names, etc., which were not reported by the hurbaereer.

At the Laurel site, for example, 1,769 records wggeerated by ISSES during a span of
approximately 8 hours on June 14. During the stime period, the research team member
recorded 1,455 vehicles, a difference of 314 recol¥hile it is possible that the observer
missed some vehicles during periods of heavy tiffie research team attributes much of the
inconsistency in observed and detected vehicletsdorthe ISSES vehicle detection component,
which seems to have produced three distinct typesrors. In some cases ISSES generated two
records, or rows, for the same vehicle, as evidibgdhe fact that a single overhead camera
image is associated with two adjacent recordss dbcurred 67 times during the 8-hour period
on June 14.
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In three other instances during the same 8-houogheat value of “n/a” was generated instead of
an overhead camera image, indicating that eitreeotlerhead camera was not triggered or that
an extraneous record was created. The third tiyperar occurred when ISSES components
(e.g., the overhead camera) were triggered wharehizle was passing through the portal. This
error is evidenced in Figure 5-14, which showsdhneages recorded in close sequence by the
overhead camera. Each of these images is assbwidtea separate record in the ISSES output
file. However, image [2] was taken after the vehghown in image [1] had already passed
through the portal, but before the vehicle in imggjeeached the sensors. In other words,
image [2] should not have been recorded and repiesa extraneous record, or row, in the
output file. In general, records that containethimg but “n/a” or “Not Available” values were
considered by the research team to be associatedme of these three types of errors.

The vendor acknowledged to the evaluation teamviiiaitle triggering and ordering the time
sequence of actual events in the resulting data fihs been a challenge in deployment. It
appears that the system generates a certain nahbenecessary records when no vehicle was
present. According to the vendor, triggering imadally involves trade-offs between either
missing a vehicle or having extra triggers on glsivehicle. Every type of sensor has a chance
of either missing a vehicle or having false triggeln the case of the ISSES, the decision was
made to allow a certain number of extra or falggars, in exchange for having a system that is
more likely to collect usable data on any vehiclspected of posing a radiological threat. The
extra ISSES triggers pose a low-consequence n@sardata analysis. In practice, the vendor
contends that these extra triggers should be obvimoperators or analysts, by cross-checking
the suspect trigger records against the overviemeca image associated with each record. The
vendor also indicated that apparent sequencingsawien looking across server time stamps
might be caused by fluctuations in computer netwraiic volume, and time lags of varying
durations required for internal processing andsmaitting of signals from ISSES subsystems.

5.3.2 Radiation Portal Monitor

The research team assessed the general output i@diation portal monitor. During the 2-
week field observation, the ISSES recorded ningrogwalarm vehicles and 558 gamma alarm
vehicles. Considering the approximate number bfales recorded during this period (28,000),
the neutron alarm was activated by one out of e8ety1 vehicles, and a gamma alarm was
activated by one out of every 50 vehicles. Duargjandard, 8-hour, daylight shift (8:00 AM to
4:00 PM), the average daily number of gamma alactisated during the 2-week observation
period was 29; and the average daily number ofraew@tlarms activated was slightly less than 1.
The weigh station staff indicated that the gamnaanaé sound fairly frequently. The inspectors
indicated that staffing levels prevented them fiospecting every truck that tripped a radiation
alarm. A tendency for nuisance alarms caused twyrally occurring substances has the effect of
making inspectors more likely to ignore all of thdk gamma radiation monitor alarms, as
confirmed in the user acceptance interviews. Agated in Section 7, the vendor and KTC
have confirmed that the Laurel County system wesniy modified to greatly reduce the
number of nuisance alarms.
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Figure 5-14. Series of images recorded by ISSESestiead camera at Laurel site on June 14, 2007.
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The evaluation team intended to make as few chaongée normal operating conditions as
possible during the field observation, so no attiewgs made to compare the bills of lading or
the actual contents of the alarm vehicles withdhata recorded by ISSES. No overt or covert
field tests of the radiation monitor using knownitens were conducted during the evaluation
period. Such tests would have permitted an asssgshfalse positive or false negative alarms
from the radiation detection system. Howevernascated by a number of inspectors at the site,
the radiation monitor would benefit from having aghanism to more finely differentiate
potentially dangerous loads from common items sscblay and brick, as evidenced by
observations made during field visits. AccordiadiTC, the Laurel County site was adjusted in
the fall of 2007, after the time of the field obsaion, to greatly reduce the frequency of
nuisance alarms.

In an attempt to characterize the truck populati@gering neutron and gamma alarms during
the field observations, USDOT number records aed #ssociated JPG images were extracted
from the ISSES records. These USDOT numbers veetewed against the SAFER database to
collect company information. Of the nine neutréarms recorded by ISSES, only one USDOT
number and associated JPG image was availabléhe®58 gamma alarms recorded by ISSES,
151 had valid USDOT number JPG images associatibdtiem. A cursory review of these
USDOT numbers showed no clear patterns or treratsatbuld allow the evaluation team to
characterize the truck population emitting gamnaanas.

However, it was noted anecdotally that, among B@ images of the sides of trucks that showed
evidence (through graphics or business names plangi@ the USDOT number) of the type of
cargo that might have been carried on trucks triggegamma alarms, the following

commodities were named: marble, building systexsghalt maintenance, and tile distribution.
This unscientific observation would tend to confittme KVE inspectors’ opinions (described in
the user acceptance section) that clay and retatiéding products were among the naturally
occurring substances that could trigger a gamnranala

To assess the internal consistency of the radial@ection data storage system, the final counts
of each file type recorded on the RAD server waleilated. The numbers of each file type are
presented in Table 5-2 below for the 2-day Kentaming exercise and the 2-week Laurel field
observational studies. As shown in the table, @gprately 28,000 vehicles passed through the
Laurel site and 4,200 vehicles passed through #red site during the field study periods.
While it would be expected that ISSES would gereegfual numbers of the main file types for
each vehicle (record), represented by the DATA, Q& JPG columns, Table 5-2 shows that
there is some variability in the numbers when lagkacross all file types for the periods under
study. According to the vendor, as discussed oii@e5.1.1. above, the ID, SPC, NAF, and
BAL files would ordinarily be generated and stoogdly in alarm conditions, so would be
expected to be fewer in number. The reasons ferHriability are unknown but may be related
to the generation of extraneous records by ISS&8isaussed in Section 5.3.1.
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Table 5-2. Radiation portal monitor files generatd during field studies.

Number of Files Generated by Type
Site DATA OoCC JPG ID SPC NAF BAL  Non
Kenton 4,237 4,207 4,204 4,209| 4,210 821| 829| 1,413
Laurel 28,416 28,006 25,794 0 0| 28,004 565| 4,260

As shown in Table 5-2, no ID or SPC file types wgeaerated at the Laurel station. TransTech
reported that first-generation radiation monitorsugtware was installed at the Laurel site;
therefore, spectroscopy was not performed andgbeceated SPC and ID files were not created.
Theoretically, JPG and OCC files should have beeated for each vehicle that passed through
the portal. However, Table 5-2 shows that no tieotypes had the same number of records. It
is unclear why this occurred. NAF files, which atgposed to be generated only when an alarm
is triggered, were created for nearly all the vigdsithat passed through the Laurel site. This
could be attributable to the use of first-generagoftware at Laurel.

The vendor indicated that live testing of the ISS&@ation monitor was conducted through the
Domestic Nuclear Detection Office of the US Depaminof Homeland Security (DHS), and that
the systems were confirmed to detect passing lttedsvere emitting radiation. The vendor
reports having seen no evidence through testirtghlaradiation monitor has issued any false
alarms (i.e., an alarm sounds when no radiationceas present). As opposed to false alarms,
the tendency for nuisance alarms in the scale habsa naturally occurring substances pass
through the portal is discussed elsewhere.

5.3.3 Infrared/Thermal Imaging System

The research team reviewed video feeds capturdaeypermal inspection device at the Kenton
site. The objective was to determine whether f@tkeheat-related defects were visible on the
video and to track these defects. Originally,itiitent was to compare the evaluator’s
observations with actual inspection reports prodibdg KVE to see if the defects found by weigh
station inspectors were plainly apparent on thewid

The independent review of the two days’ worth ohtoa IR video was hampered by several
factors. As indicated by the vendor, the IR canfiena this period was used in a training
exercise, mainly by untrained inspectors learnimg) asing the system for the first time. The
camera was not set up properly for the first se¢vezight hours of the Kenton field study. Video
images were extremely blurry, and it was diffidoldiscern the general shape of the vehicle, let
alone the specific components that were givingagdarticular heat signature (see Figure 5-15).
The evaluation team was not present during thisdulled KVE training exercise at Kenton, and
no reason was given by the vendor for the videngdblurry. It is assumed that the beginning of
the recording represents a time when the inspeaters working with other ISSES subsystems,
because at one point in the video, the camerangsttvere noticeably adjusted to provide the
appropriate level of contrast between dark and Mglues. This greatly enhanced the image;
however, at the same time that the contrast wastsd], the operator of the IR camera appeared
to zoom in and pan the camera manually to movegahath (i.e., track) each passing vehicle.
This resulted in only a portion of the vehicle agpeg in the IR camera viewer at any given time
(see Figure 5-16). Also, camera movement wasidistimg to an evaluator with minimal
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Figure 5-15. Image taken while contrast on the Kdon IR camera was improperly adjusted.
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Figure 5-16. Image taken from Kenton IR viewer afér contrast adjustment (note the time lag
between the IR and color images and the inabilitya view the entire vehicle in IR mode).
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training, trying to focus on possible areas of bitmgss or darkness. As a result, it was difficult

to determine with any certainty that a particuiee, tbrake, or other component was giving off an
unusual heat signature. These difficulties withideo image data appeared to be caused more
by operator choices than by any inherent shortcgmiith the technology.

The research team also noted a difficulty in catred the image in the color (gable-mounted
overview) camera viewer and the image in the IRerawiewer, on the three-part composite
DVR player screen. As a vehicle approached th&&gortal, it appeared on the IR viewer
several seconds earlier than it appeared on tloe swnitor. This delay—most likely caused by
the operator changing the aim of the IR cameraenthié overview camera remained stationary,
or vice versa—was confusing, since the vehicle showthe top right (IR) screen was often not
the same vehicle visible simultaneously on theléfip(color overview) screen (see Figure 5-16).
The delay or time lag between the images appedrs &omenable to correction through more
careful operator training and experience. Theeebgnefit to enabling the user to aim the two
camera systems (overview and thermal) independdnitythis option carries costs for analysts
interested in efficiently matching truck imageshwiata records from the ISSES.

The research team was unable to cross-check via¢adge against Driver/Vehicle Examination
Reports prepared by inspectors at the Kenton wagion on July 31 and August 1, 2007, due
to an inability to accurately identify the inspetigehicles on the IR/color video. USDOT
numbers and/or license plate numbers from the atgpereports were used to find the date/time
stamp on the USDOT number reader or ALPR outpes @nd identify the time at which the
vehicle passed through the ISSES portal. Howevezyiew of the video at the corresponding
times failed to identify vehicles with the same gibgl characteristics as those described in the
inspection reports or shown in the still imagestaagal by the ALPR/USDOT number reader.
The research team watched video taken several esitngfore and after the specified time, but
could not conclusively match the images with thpgpanspection records. When asked, the
vendor indicated that the computer server thatleymszes the system time clocks at the Kenton
site was down at the time of the recording, anddW®& clock did not match the ISSES clock.
Because of this hardware fault, therefore, a direttospective comparison was not possible,
given the state of integration between the theimabing subsystem and the other ISSES
vehicle identification and triggering subsystemswithis sample of image data was stored.
Such integration between the truck images showthemverview color camera and the
thermal/IR camera will be critical for enforcemamtd accurate vehicle identification in future
enhancements of the ISSES hardware and software.

5.3.4 USDOT Number Reader and ALPR System

These systems were not under evaluation, so ntisesa presented.

5.3.5 System Performance Conclusions

The radiation monitor appears to alert inspectoysatential radiation hazards. No attempt was
made to simulate radiation-emitting loads to folgntdst the rates of false positive alarms or

false negative (missed detection) alarms. Theratgsstem produces different kinds of audible
signals in the scale house, shows graphic imagtsedbcation and strength of the radiation
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source, and records quantitative information onaflaem conditions for retrospective review. A
tendency for nuisance alarms caused by naturatlyraag substances, however, has the effect
of making inspectors more likely to ignore all bétgamma radiation monitor alarms, which
reduces their effectiveness as a tool for idemtgytrue threats. As a rule, the KVE inspectors do
attend to neutron alarms, which sound differenthenscale house and are much fewer in number
than the gamma alarms.

The thermal inspection device enables inspectosségotential heat-related defective or
malfunctioning equipment that might be missed wisaal review. The field of view for the IR
image can be manipulated as to direction and watthbling close-up or wide-angle views of
the stream of traffic. The system also recordew@idata (in both IR and color/visible light) for
later review. The effectiveness of the thermabatdion system appears to vary depending on
the training, experience, and skills of the opataepecially in synchronizing the views of the
ground-level IR/color camera and the gable-mountddr overview camera.

The laser scanner appears to log every truck paisiough the ISSES apparatus, but its
adjustment is such that the system generatesarcarimber of extra (blank) records or extra
trigger events, which is an impediment to lateigenvof traffic data. For the sample of data
reviewed for this evaluation, some gaps in the syrechronization were noted.

The ISSES appears to perform with a minimum of haedaled downtime. Partly owing to the
exposed geographic location of the Laurel Countiglvstation, the hardware has been subject
to several outages caused by lightning strikesodiner power drops or interruptions. The
system has experienced a low rate of hardwareréaibther than some events related to the
reliability of electrical power to the site. Thewtlopmental version of the system software is
not equipped with a self-restarting function, whistkexpected to be included in production
versions. Also, the state and the vendor are tigaggg the installation of an uninterruptible
power supply system for the ISSES.

As of mid-2007, the system appeared to be at sstatge in the product development cycle, not
completely in full-scale production mode, but wadlyond the field test prototype stage. It was
not yet integrated with any current or historidalte or national databases, which affected its
usefulness for real-time enforcement applicatibns, it appeared to be functioning well in stand-
alone mode.
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6.0 Inspection Efficiency Evaluation

This section addresses Goal Ared2etermine how the ISSES makes the inspection prege
more efficient and effective, in turn contributingp improved highway safety.”

Section 6.1 presents the research objectives gmutligses that guided this portion of the
evaluation along with a high-level description lo¢ tanalysis. Section 6.2 provides an overview
of Kentucky’s current approach to selecting velsidta inspection. Section 6.3 provides
detailed information on the techniques used in dali@ction as well as how these data were
used to meet the objectives of the independenuatiah. Understanding the demographics of
the motor carrier population and the relative askociated with truck traffic at the Laurel
County station (objective 1.2) is covered in Satbod. Objective 2.2 is addressed in Section
6.5, where the inspection efficiency of the La@elnty station is assessed. Section 6.6 covers
the safety benefits calculated based on variousasiws if KVE inspectors had instant, real-time
(or advance) access to truck and motor carrieoticssafety/inspection/driver information via
ISSES or other CVISN technologies. Section 6.heras the potential effect of other
credentialing data sources on safety benefitsti®ec6.6 and 6.7 together address objective 2.3,
on the integration of ISSES data with external datarces.

6.1 Objectives and Overall Approach

This chapter will cover the following objectivesdanypotheses:

Objective 1.2  Use data from the field test to determine therithistions of kinds of vehicles
traversing the weigh station under normal condgioifthis provides a baseline
for reference in assessing the highway safety literadfthe ISSES.

Hypothesis: The distribution of commercial vehisl@assing the London site, relative
to the respective motor carriers’ SafeStat scoragas, is similar to that of the national
population of commercial vehicles.

Objective 2.2  Measure the ability of the ISSES to improve insjpecselection efficiency,
and in turn to yield reductions in crashes anddires of highway security.

Hypothesis: The ISSES can help inspectors focusithefforts on higher-risk trucks.
Objective 2.3  Explore options for integrating the data availabben the ISSES with existing
safety, enforcement, and administrative data ssueasel prepare models or
plausible scenarios for Kentucky or other statespialy.
Hypothesis: Data from ISSES can yield importantfarmation for commercial vehicle

enforcement and administration when combined withtd from other state and federal
sources.
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Data to address these objectives and hypothesescatected through various methods: (1)
interviews and site visits with various KTC and KYErsonnel; (2) a 2-week field study at the
Laurel County inspection site; (3) various fedenadl state safety data sources; and (4) past
federal studies that relate to CMV crashes andysataested below are the main data sources
used and the role that each data source playezhiewang the goals of the evaluation.

Interviews with KVE inspectors and KTC specialists Information was compiled to
characterize and understand Kentucky's currentagmbr to the roadside screening and
inspection process, the data sources used in toegs, and how the ISSES fits into the
overall inspection selection approach.

USDOT numbers for all trucks going through the ISSES portal at the Laurel
County station during a 2 week field study (duringnormal daytime hours). This
collection of USDOT numbers provided a represeveasample of carriers that pass
through the ISSES at the Laurel County statione UBDOT numbers were used to
acquire various kinds of carrier demographic infation as well as current and
historical safety information from federal and stdata sources.

NORPASS (electronic screening/preclearance) bypadscisions per truck for one
week during field study. This data was used to determine the number of $rthekt
utilize the NORPASS system, with screening decisiiteria as set by Kentucky, at the
Laurel County station as well as provide an idethefpercentage of trucks that are
given green and red lights to either bypass oriptdl the station. Information on these
trucks, when combined with data from the trucks ent through the ISSES, provided
a fuller profile of truck traffic that went by thiespection station during the second
week of the field study.

Electronic copies of inspections performed during 2veek field study. These
inspections provided the evaluation team with ihsigto the types of vehicles that are
selected for inspection at the Laurel County statidhe inspection report contained
information on the specific types of violations fmuduring the inspection. In addition,
USDOT numbers of vehicles inspected were crosseefed with federal and state data
sources to learn more about the safety risk oferarthat are inspected at the Laurel
County site.

Electronic copies of Kentucky statewide inspectionspanning over 2.5 years.These
inspection reports provided a more robust pictditeucks selected for inspection
statewide. From these inspections, state OOS wades calculated for various groups
of trucks as defined by their safety risk. Thepextions also identified those OOS
violations that occur most frequently in the popiolaand allowed the evaluation team
to calculate the probability of occurrence for #hesost commonly occurring OOS
violations.

SAFER. A copy of the Safety and Fitness Electronic Re¢8#AFER) carrier and
inspection tables was obtained from the Volpe Qeattéhe time of the field study.
SAFER was used to obtain current safety risk megssuich as SafeStat (Motor Carrier
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Safety Status Measurement System) and Inspectiectidm System (ISS) scores.
These sources were in addition to other histosaéty-related information on trucks
observed during the field study as well as thaseks that were inspected statewide
over the past 2.5 years. SAFER enabled the evatugam to place both observed and
inspected trucks into safety risk categories defimgtheir current ISS score.

» Kentucky Clearinghouse. A copy of the Kentucky Clearinghouse database was
obtained at the time of the field study. This date showed vehicle and driver OOS
rate information on carriers that traversed th&ata Also, registration and insurance
status about each carrier was extracted so thaultl be combined with other safety-
related information to form a clearer picture ofleanotor carrier.

* Infrared Images. It was planned to obtain IR (thermal) images oara@e of trucks
that passed through the ISSES at the Laurel Catatipn during the field study.
Unfortunately, only images from a two-day trainsegsion at the Kenton site, and none
from Laurel, were made available to the evaluatgam. Miscommunication between
the evaluator and the vendor resulted in the LaDoeinty thermal imaging data being
inadvertently discarded. However, results fromriarpesearch study conducted in
2000 for FMCSA to evaluate a similar IR imaging amkeo package, known as
IRISystem, were used to estimate the increase i8 @@ers issued when trucks are
screened via IR imagirfg.

» Large Truck Crash Causation Study (LTCCS). Data from the LTCCS were used to
identify those OOS violations that present a higative crash riskThis was important
in that a larger number of crashes could be avdiyethding those OOS violations in
an inspection that have a higher relative crash ris

* 2003 National Truck Fleet Safety Survey An FMCSA-sponsored survey in which
approximately 2,800 trucks were selected at ranfbmrimspection in order to estimate
the percentages of trucks and drivers that op&ridileOOS conditions. These OOS
rates were used as estimates for the probabiliijpnding an OOS violation when
inspectors select trucks for inspection randomly.

» Large Truck Crash Facts — 2005.Federal statistics on the number of crashes, aguri
and fatalities in which large CMVs were involvedreeised to help estimate the safety
benefits accruing from various roadside deploynseenarios.

The goal of roadside enforcement is to avoid asymeashes as possible by putting unsafe
vehicles OOS before the OOS conditions presenh@ewehicle contribute to a crash. A means
to this end is to improve the inspection selecporcess in such a way that the greatest benefit
can result from a fixed number of inspections. sTihiakes the most efficient use of limited time,
human resources, and facilities. The overall agpgh®f this evaluation was to first assess the
effectiveness of the current inspection selecti@thmds at selecting high-risk trucks.

2 The IRISystem technology was purchased by 11S #elor for the ISSES technology under evaluatio2003.
[IS continues to manufacture IRISystem vans, apdRiSystem designer participates in all of 11Sisrimal
imaging applications.
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In addition, alternative methods for selecting s for inspection were evaluated based on
potential availability of information from the ab®data sources. Several forms of available
evidence and inspection selection methods were ic@ulin various ways to develop
hypothetical scenarios for the safety analysis:

» Selecting vehicles randomly for inspection, to pdeva starting point from which to
assess the contribution of the inspectors’ knowdealyd experience.

* The current vehicle selection process used in Katuvhich relies primarily on
inspector judgment.

« Using electronic screenifgp eliminate all low- and medium-risk carriersrfrselection
consideration, so that inspectors can focus on-hglhtrucks or those with insufficient
safety information in federal databases. This @@gin uses the carrier’s ISS score, a
rating system promoted by USDOT.

» Using the carrier’'s vehicle and driver OOS ratésiclv are the metrics preferred by
Kentucky in roadside enforcement.

* Using information on OOS violations with a highatdle crash risk

» Using thermal/IR brake images from the ISSES.

Finally, the evaluation measured the success skthew inspection selection methods by
simulating what would happen if inspectors usedehands of information to select high-risk
trucks for inspection. The measures used to esiswcess were the estimated number of
crashes, injuries, and fatalities avoided.

6.2 Kentucky’s Approach to Inspection Selection

One of the main objectives of the Inspection Edindy analysis was to measure the ability of the
ISSES to improve inspection selection efficien®ne hypothesis tested was that the ISSES
could help inspectors focus their efforts on highgk trucks. In order to best address this
hypothesis, it was crucial first to understanddbeent inspection selection philosophies and
methods used at the Laurel County site as weh &entucky overall. This was accomplished
through interviews with KVE inspectors and otherspanel from the Laurel, Simpson, and
Kenton County stations where the ISSES has bednyssh

Information from these interviews was compiled bamcterize Kentucky’'s approach to the
roadside screening and inspection process. Spabifithe ways that Kentucky inspectors
utilize aspects of the ISSES or other CVISN scregaind safety information exchange
technologies to help them make inspection selectemisions were documented. The range of
manual and automated inspection selection methadis@pporting data systems (e.g., Query
Central) that are currently being used were idieatias were any state-of-the-art practices.

% The term “electronic screening” is defined, forgses of this study, as using any computer-basatiime
information source to aid in selecting trucks fuspection, whether the truck carries a transpoadaot, and
whether the screening occurs at mainline or ramf@istane speeds. Further details are providegkirtion 6.6.2
below.
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Specific attention was focused on the degree tahvhites are currently integrating various
national and state data sources.

6.2.1 Summary of Approach

Kentucky has developed an algorithm for observimg) jgulling in trucks for inspection. The
algorithm is used at inspection stations wherefAoeosupport assistant is available to capture
(by keypad data entry) the USDOT or the Kentuckg (J§YU) numbers and, if possible, the
unit number from every truck that enters the stati®he algorithm relies heavily on this truck
identifying information as well as the Kentucky @mghouse, a state database containing
carrier-based safety, credentialing, and licensif@ymation that is housed at the Kentucky
Transportation Cabinet in Frankfort. As Kentuclyed not have sufficient resources to place
such an office support assistant at each inspestaiion, the algorithm is not used at every
Kentucky inspection station. This section presémsmethodology used to select vehicles for
inspection at sites where an office support assis$eavailable to capture truck identifying
information. This is followed by a discussion n§pection selection practices at other sites,
including the Laurel County northbound station, vehle algorithm is not used, because no
office support assistant is assigned to this statio

Table 6-1 describes the data contained in the K&gtGlearinghouse and how it is used for
inspection selection purposes. Most informatiotha Clearinghouse comes from internal
Kentucky data sources supplemented with informatioiained through federal safety systems
such as SAFER or SafetyNet. Some data valuegif€l#aringhouse are updated in real time
while others are updated hourly or daily from thespective sources.

Table 6-1. Kentucky Clearinghouse database fieldss of September 2007.

Field Description
USDOT Number The USDOT field is populated from #ydapdate from SafetyNet.
Census National File Indicates whether the USDOT number was pulled fioenMotor Carrier
Indicator Management Information System (MCMIS) Census Fiéaning the carrier is

on file with the USDOT (Y) or if the record was ated by Division of Motor

Carriers personnel as they were issuing variougerriials during that day (N).
The Y should replace the N as soon as SafetyNetsteés with the issuance of
the new USDOT number, which should be within a tays.

USDOT Status The carrier’s status with USDOT as se&afetyNet.

Driver OOS Rate The driver OOS rate as postedi®icompany in SafetyNet.

Vehicle OOS Rate The vehicle OOS rate as postethéocompany in SafetyNet.

OOS Rate The larger of the Vehicle OOS or threegithe Driver OOS Rate is posted in

this field, and is subsequently used in all screglculations. (Because most
of Kentucky’s screening is focused on carriers veh0©S rates are above the
national average, the driver OOS number is muétpliy three so as to better
be able to compare the two numbers — this consaptplained further in the
discussion following this table).

Number of Observations at A four digit number representing the number of Sraay of the company’s
Kentucky Facilities vehicles had been recorded (data entered) byeadffitial as they were
observed passing through one of Kentucky's scaliéitias. This number
currently can be between 0 and 500, and resetsrtoadter the system flags and
notifies the scale personnel that an inspection leewyarranted.

KY Intrastate Tax Licese | The status of the carrier’s KY Intrastate Tax lisems it is currently displayir
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Field Description

Status and Reason in the Automated Licensing ardtitm System (ALTS). The status for this
field is updated in real time.

KY Intrastate Tax Inactive| If a carrier is inactive, this field displays theason the carrier has been made

Reason inactive [(C) for cancelled in good standing, (Bj) fevoked, or (S) for
suspended, which means that the license has oetyibactive for less than 30
days].

IFTA Status The status of the carrier’s real-timinational Fuel Tax Agreement (IFTA)

[(A) for active, (1) for inactive and (N) for no thaavailable] of KY IFTA
carriers from the ALTS mainframe system, as wethasIFTA status of any
carrier whose base jurisdiction utilizes the IFTkR&inghouse to forward the
status of their carriers. The inactive statusafoon-KY carrier can only be
posted if the jurisdiction identifies the revokeatrier within the Clearinghouse
by their USDOT number.

IFTA Reason If a carrier is inactive, this fieldpgiays the reason the carrier has been made
inactive [(C) for cancelled in good standing, (Bj) fevoked, or (S) for
suspended, which means that the license has oalyibactive for less than 30

days].
IFTA State Indicates the IFTA base jurisdiction
SSRS Status The field flags for-hire motor carrtbeg have expired liability insurance. Thijs

data begins with a daily file extract from SAFERyigh goes to the Single Stat
Registration System in lllinois. From there, atrast is passed back to

Kentucky, where it populates this field and disglayl interstate, for-hire moto
carriers’ status: (A) for active and (1) for inaet. Private and intrastate

carriers are populated with an (N). While the S$IBS been repealed (to be
replaced by the UCR program), the data that isioédafor this field is and will
continue to be an accurate indicator for insurarmmkoperating authority status.

[}

IRP Status The status for the carrier’s Internatidgtegistration Plan (IRP) is updated eath
hour from the Cabinet’s Oracle IRP system. Anyngjgain status is
warehoused within the IRP system until the togheftiour, when a file is
created to move the data from the IRP System t&¥h€learinghouse.

IRP Expiration Date Any change in the IRP expinatitate is passed hourly to the Clearinghouse,
The date is the expiration date of the IRP plagesédd to this company by
Kentucky. When new plates are issued, the expimatate is advanced a year
and the system is updated within an hour. If tlaes are not renewed in the
IRP system by the expiration date, the KY Cleartgde changes the (A) in th
status to an (I) to indicate the plates are expiMithin an hour the update
takes place in the Clearinghouse, but can be ugdatdine immediately.

1%

Extended Weight Coal The current status of the Extended Weight Coal D&ddch works in an
Decal identical fashion as the IRP system. It is alspytated from an Oracle based
EWD system and the status will set to (1) if thealds not renewed.

NORPASS enrollment Denotes if the carrier is enrolled with KentuckM®RPASS screening system,
status This flag (Y/N) is set whenever a company regisisrgehicles with
NORPASS and the information is loaded into KY'sigponder system. The
information is refreshed each hour in the samegs®that provides the
transponder system with its master flag settingtardandom pull-in
percentages.

ICC Exempt Authority Denotes whether the comparg/ddditional ICC exempt operating authority.
This information is updated in real time from K¥tsinframe systems that
handle these authorities.

Kentucky for-hire Denotes whether the company has additional KY far-bperating authority.

Authority This information is updated in real time from K¥tsinframe systems that
handle these authorities.

PRISM Status Comes from the MCSIP field within $afket. This flag is updated daily with

the refresh from SafetyNet. If SafetyNet indicatds company is in MCSIF
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Field Description

the field displays a (Y), otherwise it displays(al).

KYU Exempt Used to override the observation systesqgsiirement for a large truck to have
an active KYU number on file. For example, an 80,pound farm plated
truck would get stopped each time it went througicale because it did not
have a KYU number. A tractor trailer combinatiasehsed for only 55,000
pounds would get pulled in each time as well. Wienuser places a letter in
this field [(F) for farm, or (W) for weight], theystem ignores the KYU edit

check.
KYU Number Kentucky Use Number
KYU Status Denotes the status of the KYU numbej) fok active, (I) for inactive]
KYU Reason Displays the reason the carrier has begte inactive [(C) for cancelled in

good standing, (R) for revoked, or (S) for suspendéiich means that the
license has only been inactive for less than 3@day

Exam A multi-purpose field that could be used tipstehicles of companies who
were active for all criteria in the system, but e to be stopped for some
other reason. (1) means that there were no veHisted on KYU vehicle
inventory system. (2) is generally used to stapraier and obtain a valid
address from them. (3) indicates that the scaisop@el should contact the
radio room for additional instructions on this ¢arr (4) is used to override an
inactive KYU number (in most cases this was dua tielinquent tax return
being present in the state office, but for somsaaaould not be processed af
that time). (5) is used to stop carriers who hadpmovided a valid USDOT
number to cross reference their KYU number.

OQOS Grace Date Used to override the OOS rate Hatastfeeding into the Clearinghouse.
Example: The OOS rate could be altered and a glateecan be populated to
establish the length of time the system recogrtizesltered information. For
example, if a company had been inspected a nuniliienes recently due to a
poor OOS rate and had drastically improved theiigggent, the OOS could be
manually lowered and a grace date could be sehfee months out to allow
the inspections to make it through the system quuthte the company's rating.
The Clearinghouse would ignore the daily data et coming from SafetyNet
until the grace date passed and then would proagedual from that day
forward. The process would work the same for SSREPRISM.

SSRS Grace Date Used to override the SSRS statushaa is feeding into the
Clearinghouse.
PRISM Grace Date Used to override the PRISM sidatis that is feeding into the

Clearinghouse.

6.2.2 Algorithm for KY Clearinghouse Observation hspection Pull-Ins

This section describes the algorithm that detersmieether a vehicle is targeted by the system
to be pulled in for inspection or not, using datarf the Kentucky Clearinghouse. Most of the
computation is focused on the OOS fields in theafigghouse. Random pull-ins for
transponder-equipped vehicles on the mainline laeeiaitiated using this algorithm. Although
it does not have an official name, the algorithri lag referred to in this report as the Kentucky
OOS Rate Inspection Selection Algorithm.

Some Kentucky inspection stations utilize officport assistants to key in the USDOT or KYU

numbers from the cabs of vehicles as they slowdg plae scale house during hours when
inspectors are on duty. The truck identificatioformation is typed into a computer terminal
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connected directly to the Kentucky Clearinghou$ken, information on the carrier is compiled
and sent back instantaneously to personnel ah#pection station. An inactive status in such
fields related to USDOT number, KYU number, IFTRA, SSRS, Kentucky Intrastate Tax
License,and others, causes the system to display the gppaiblem on the office support
assistant’s screen and invoke the printer to pegigaper copy listing the issue as well. The
office support assistant then makes a decisionivenéo turn on the “PARK” signal on the
variable message sign for the vehicle to pull thlot to park the vehicle and enter the scale
house. The driver would then enter the scale handevork with KVE personnel to resolve the
issue.

The decision to have the vehicle pull into theiddbased on the office support assistant’s quick
evaluation of the information available from thee@linghouse before the truck has passed under
the directional signage. There are instances wther€learinghouse identifies issues with the
carrier but the office support assistant deciddsttthe vehicle continue back to the mainline.

For example, the office support assistant maysa&tethe screen is displaying a name other than
the name displayed on the vehicle that was justdeigading him or her to believe that the

DOT number may have been typed incorrectly. THie@Bupport assistant may also make a
judgment call that there is not enough personnalave to handle additional vehicles at this
time. In addition, the speed of the vehicle ortthee involved in the evaluation may be such

that the vehicle is past the variable messagelsfpre the office support assistant can act.

Inspection decisions using the Clearinghouse asedan three factors: 1) OOS rates; 2) the
carrier’s status in the Performance and Registrdtitormation Systems Management (PRISM)
Target File; and 3) the number of times the cagieghicles have visited a Kentucky station
since their last inspection. The carrier’'s vehae driver OOS rates are both pulled down daily
from SafetyNet and loaded into the Clearinghouseaddition, the PRISM Target File [in the
form of the Motor Carrier Safety Improvement PragrédMCSIP) A, B, & C carriers] is pulled
from SafetyNet and loaded as well. A counter systeas developed within the Clearinghouse
to keep track of how often a carrier’s trucks emdentucky inspection stations. Using a series of
adjustable pull-in rates maintained in the Cledrmgse, the system determines which vehicles
should be “kicked out” and displayed on the scriedicating that the office support assistant
should consider selecting that vehicle for insymecti

The following is a quick explanation of the couster the Clearinghouse. There are currently
16 scale facilities in Kentucky, all of which argugpped with a data entry system for screening
trucks. When staffed with an office support assisteach of these facilities utilizes the single
Clearinghouse database located in Frankfort. Haehthe weigh station personnel enter an
observation (keying a USDOT number and unit numim¢o)the database, the master record for
that company has a counter that is increased hy Baeexample, if the counter is set at 278 for
a particular carrier, and an observation for tlzatier is recorded at Morehead Scales, the
counter increases to 279. If three seconds latebaervation is recorded at Fulton Scales for a
different vehicle operated by the same carriem the carrier’s counter value increases to 280.
This counter increases regardless of whether thereation shows an active or inactive status
for the carrier.
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The purpose of the counter is to establish how ntiamgs the company’s vehicles have been
“observed” or entered into the system since thitilae the system kicked one out to be
inspected. As soon as the system designates aacgtavehicle for inspection, the counter
rolls back to zero and the next observation isndm as “1.” The system knows when to select
a vehicle for inspection by using the adjustablé-ipurates shown in Table 6-2. These pull-in
rates apply both to sites where an office suppssistant is assigned to the scale house and to
sites equipped with the NORPASS electronic scregsystem. The Clearinghouse utilizes both
the vehicle and driver OOS rate to determine wheanapany should have their next vehicle
pulled in for inspection. Since the national ageréor driver OOS is roughly a third of the
vehicle OOS, the driver OOS Rate is multiplied kip &ven the two numbers out so that the
higher of the two numbers can be used for screenifilge driver OOS multiplier can be altered
in the algorithm to accommodate different inspatselection strategies.) Throughout the
remainder of this section, OOS rate refers to tagimum of the vehicle OOS rate and three
times the driver OOS rate.

Table 6-2. Carrier and NORPASS pull-in rates for Kentucky OOS rate inspection selection
algorithm.

Carrier Pull-In Rate (Truck selected for | NORPASS Pull-in Rate as
Carrier OOS Rate* inspection by Clearinghouse algorithm) Defined by Kentucky
100% Every 20 Truck 50%
76-99% Every B Truck 40%
50-75% Every 10 Truck 20%
25-49% Every 100 Truck 10%
0 —24% Every 500Truck 5%

* Larger of (vehicle OOS rate) and (driver OOS Ratees 3)

Depending on where that OOS rate falls within #eges provided in the first column of Table
6-2, the carrier pull-in rate in the second colusets the point at which the counter for each
particular company initiates a “kick-out,” i.e.,tif@s the weigh station personnel to inspect a
vehicle, and automatically reset the counter to.z&ror instance, a carrier with an OOS rate of
58 percent has one out of every 10 of its truckkdd out for inspection, while a carrier with a
more favorable safety rating (e.g., one with an Q&8 of 5 percent) sees every Bafuck

kicked out. By design, carriers with a 100 perc@@\S rate are pulled in less frequently than
carriers with OOS rates between 50 and 99 perdeamntucky has found that a large number of
carriers with a 100 percent OOS rate as displaydldda Clearinghouse are actually companies
that have had only one inspection, which happeoeddult in an OOS order. Since there are a
significant number of such carriers and to bettanage the number of kick-outs at the station, a
decision was made to look at these carriers wih teequency than carriers with slightly lower
OOQOS rates.

When a truck is kicked out for inspection, the @d¢fsupport assistant’s screen and printer
immediately displays information such as the foilogvexample:
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DOT NO: 1787878

KYU NO: 007878

COMPANY NAME: TO-MARK-IT TRUCKING
INSPECT 066

This would indicate to the office support assistaat the vehicle that he or she just entered had
a vehicle OOS of 66 percent or a driver OOS of &Znt, either of which would be

significantly greater than the national averagecdise the carrier OOS rate fell between 50 and
75 percent, it would also mean that the vehiclguastion was the tenth vehicle to be observed
(or entered into the Clearinghouse system) sinedeitt time the system had kicked a vehicle out
from that company to be inspected.

In addition to the company counter that every eatnas, the Clearinghouse also maintains an
internal counter for every carrier in the PRISM JetrFile. If the carrier is in the PRISM Target
File, a separate and independent counter is créatezep track of vehicle observations for
PRISM purposes. When that company’s PRISM couhiter5, the counter reverts to 0 and the
office support assistant’s screen and printer digpthe following:

DOT NO: 1787878

KYU NO: 007878

COMPANY NAME: TO-MARK-IT TRUCKING
PRISM Y

The carrier observation counter and the PRISM aare completely independent of each
other, and as soon as a carrier is taken off tH& MR arget File, its PRISM counter is
disengaged. The observation counter is constantlge and increases regardless of the
circumstances of the observation.

All of the data fields described above can be aft¢o focus inspection kick-outs as KVE sees
fit. Currently, KVE uses five levels of pull-intes, but the system can handle up to 10 levels.
Also the settings are such that every'506hicle of a company that is at or below the matio
average for OOS is kicked out for inspection. Tdaat be changed at any time to any arbitrary
number if so desired. The driver OOS multipliecisrently set to 3 so that any company with a
driver OOS rate above 8 is screened at a much highel, but that could be increased, for
example, to 8 or 9, so that KVE could focus on cames with high driver OOS rates.

At the current levels set by the table, there aneerkick-outs than scale personnel can handle.
This is done mainly for two reasons. First, it\pdes the scale personnel with plenty of
discretion as to which vehicles they inspect. ddigon to the inspection decision produced by
the inspection selection algorithm, an inspectoy msually spot a problem with a vehicle (flat
tire, unsecured load, etc.), or choose to insp&REM-identified carrier, or an overweight
vehicle. These obviously needed inspections redbi scale personnel to ignore the kick-outs
due to lack of time and resources. Secondly, aegection site has different levels of
personnel, and the staff there are to complete #&ssigned number of inspections. It would be
virtually impossible to program the system to kazk the right number of vehicles for the day
and have them spaced out appropriately for thestteps to handle. This would also require
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drastically decreasing the pull-in rates so thaisgay only six or eight kick-outs occur per
inspector on any given shift. Potentially, thredomur could occur within an hour, and then
nothing else might show up for another three or faawrs.

As Table 6-2 indicates, the Kentucky Clearinghautiiezes a built-in pull-in rate that is passed
to the NORPASS System for random red light pullfnasn the mainline. As it is with the
inspections, the higher a carrier's OOS rate, ¢heef green light bypasses allowed. Currently a
carrier at or below the national average for OO$ldide required to pull into the station 5
percent of the times that its trucks encounter RRASS-equipped Kentucky inspection station.
Alternatively, carriers with OOS rates between i@ 89 percent would be required to pull into
the station at a rate of 40 percent. These raesiso be altered as needed by KVE. PRISM
carriers (i.e., carriers in MCSIP) get red ligh@® ercent of the time, when the weigh station is
open.

6.2.3 Inspection Selection Methods at Laurel Cougtinspection Station

At the time of the field observation, there wasegular office support assistant assigned to
manually enter USDOT or KYU numbers of trucks pagshe scale house at the northbound
Laurel County inspection site. Thus, the inspecsielection algorithm associated with the
Kentucky Clearinghouse was not used at the Laurah@ station. Rather, trucks were
predominantly selected for inspection based onrtbgector’s visual observation of the trucks as
they entered the station, the inspector’'s persamalviedge of the carrier and its corresponding
safety history, and the inspector’s professiondgjjuent and experience. This is important to
keep in mind as analyses on inspection efficiemcysafety benefits are presented in

Sections 6.5 and 6.6, respectively.

6.2.4 Traffic Flow at Laurel County Inspection Stdion

The Laurel County ISSES site (see Figure 3-1 abevequipped with transponder-based
mainline electronic screening via NORPASS and haigla-speed, mainline weigh-in-motion
(WIM) scale linked with the NORPASS system. Thieralso a low-speed WIM on the sorter
lane leading from the mainline to the scale houslétrucks are required to enter the station
when it is open, with the exception of those NORBASrticipants that are given permission to
bypass. The layout for the site is such that tieeome exit ramp from the highway that leads to
a sorter-lane WIM. Trucks on the ramp with an atalkele WIM reading are directed to a lane
on the west (highway) side of the scale house, lwisithe lane that contains the ISSES
equipment. Overwidth trucks are directed to astatale on the east side of the scale house,
because the width of the ISSES portal cannot acamhate overwidth vehicles. Also, any
vehicles that lack a valid low-speed WIM weightdeg or are suspected of being overweight
are directed to the static scale.

For trucks that pass through the ISSES equipmaiiot;mation from the bulk radiation detection
monitor, thermal imaging inspection system, vehattssification system, USDOT number

reader, and license plate recognition system areramicated to officers in the scale house. At
the time of the field observation, these system®wet integrated with any legacy Kentucky or
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federal safety data source. As such, ISSES infoomavas generally not used in the inspection
selection decision.

Once trucks have been weighed on the sorter-laé &vid/or the static scale, inspectors make a
decision whether to let the truck continue to gaight back to the mainline if there are no
problems or to have the truck pull around to theklat the station into the inspection area or
shed for further examination by motor carrier ecéonent personnel. This decision is
communicated to the driver via lighted arrow sigptated on both sides of the scale house.

6.3 Field Observational Study Data Collection

The Kentucky field data collection was conducterrfrJune 11 to June 22, 2007 at the Laurel
County northbound weigh station. Prior to the acfield data collection, introductory visits to
the site were made by evaluation personnel indundiyAugust, 2005, shortly after the system
had been deployed. A preliminary site visit waahade on January 24, 2007, to both the
Laurel County northbound I-75 and the Kenton Cowatythbound 1-75 ISSES sites. Personnel
from the KTC and the system vendor (TransTechili&)e the principal contacts. The main
goal of this January visit was to observe the dpera at the stations and consult with members
of the deployment team and inspectors. Of padiculterest to the Inspection Efficiency

portion of the evaluation was to understand thektrnovements through the stations, the
information available to inspectors to make decision which trucks to inspect, and how
inspectors use this information to make inspeatiecisions. A second goal of the preliminary
site visit was to determine how data could be ex#xhfrom the ISSES and other IT systems on-
site and how best to locate researchers withist¢haée house at Laurel County to capture vehicle
identification information visually. Researcherstrwith inspectors and officers from KVE as
well as information technology personnel to undardtthe screening and inspection operations
and took tours of both inspection stations.

Beginning on June 11, 2007, a researcher fromvtaliation team was assigned to the scale
house to observe the vehicles entering the wealoastduring normal daylight hours while
inspectors were present. To the extent possiatd) entering vehicle was identified by USDOT
number. Periodic time values were also recordedeference and data matching purposes.

This information was recorded via the researcheaking into a digital voice recorder. The
digital voice recorder was the preferred mediundi@a capture, because it allowed the
researcher to capture the USDOT number withoutrigata look away from the vehicle. The
audio data were then transcribed to a Microsofte&saatabase application and quality-checked.
Trucks passing by the scale house during daylightdiwere no more than 10 feet from the
window and, for the most part, were going at a Vewy speed through the ISSES, thus enabling
the research team to capture vehicle identificatiéormation for most of the vehicles. Based

on feedback from the data collector, it is estirddt&at no more than 5 percent of the vehicles
going through the ISSES were missed. Mainly, tiaédrmation was missed when many trucks
were too closely spaced and traveling too fasheg passed the scale house window for the data
collector to capture all information. It is assuhtkat the safety ratings and other characteristics
for the missed trucks are no different than thosetfe complete population of trucks traveling

on this section of I-75 in Kentucky.
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Table 6-3 shows the dates and times that a resranas on duty during the field study. For the
most part, a researcher was collecting USDOT in&bion from passing trucks during normal
business hours while at least one inspector wHseadtation inspecting vehicles. One exception
was on Tuesday, June 12, where no data collectioareed due to an unplanned absence. Also,
the station was closed after 11 AM on Tuesday, I8lfor a meeting of KVE officials, so data
collection on that day was limited to the morning.

Table 6-3. Times when USDOT numbers were capturedom truck traffic passing through ISSES
equipment.

Date Time Comment
Monday, June 11 8:00 AM - 4:00 PM
Tuesday, June 12 Not applicable No USDOT numbex date collected;

researcher unavailable

Wednesday-Friday, June 13-15 8:00 AM — 4:00 PM

Monday, June 18 8:00 AM - 4:00 PM

Tuesday, June 19 8:00 AM —11:00 AM  Station closetl1:00 AM for staff
meeting. It was not reopened until 6:0(
PM

Wednesday-Thursday, June 20-21  8:00 AM — 5:00 PM

Friday, June 22 8:00 AM - 4:00 PM

It was desirable to characterize all vehicles tteatersed the Laurel County station during the
time of the field study so that the sample of tsuttkat can be identified could be considered a
representative sample of all trucks that traved Haiction of the highway. However, in certain
cases, vehicles can bypass the station, makingpitactical to identify these vehicles visually
because of their mainline speeds and the distaooethe scale house. Vehicles can legally
bypass the station because: 1) they were clearademilt of NORPASS; or 2) the station was
closed temporarily to prevent queuing on the maeds they approached. Vehicles can also
bypass the station illegally by not stopping whaa $tation is open or, in the case of e-screening
participants, not entering the station when a igdtt kignal is communicated to the driver. The
NORPASS ModelMACS screening equipment providesuatibde alarm in the scale house if
any transponder-equipped vehicle bypasses thermstatthout receiving a green light.

The Kentucky Transportation Cabinet provided adilall NORPASS-patrticipating trucks that
traversed the highway where the Laurel County iospe station was located for the second
week of the two-week study. Information providadhe file for the second week of the field
study included:

» Time and date when the vehicle’s transponder wad re
» Decision made on truck (bypass or pull in)

* Reason for decision

e Carrier name

* USDOT number

* Vehicle unit number

» State of Registration (IRP state)

* Vehicle license plate number.

Kentucky CVSA/ISSES Technical Report a7 January 31, 2008



The trucks that were given a bypass signal duhegibours of data collection at the site were
added to the list of trucks that were capturedneydn-site data collector to get a more complete
list of truck traffic that went by the inspectiotason during the second week of the field study.
E-screening participating trucks that were pulledmnd went through the ISSES portal would
already have been captured by the data colle®WiE personnel estimated that approximately 8
percent of the trucks that enter the Laurel Cowsigh station cross the static scale, instead of
going through the ISSES portal. These “staticesdalicks, most likely overwidth or flagged as
potentially overweight on the low-speed ramp WIg aot accounted for in this analysis.

An assumption was made that the population of Vehithat bypass the station when it was
temporarily closed is not significantly differembi the population of trucks that came in when
the station was open. Therefore, no identifyirfgrimation was captured on vehicles that
bypassed when the station was closed. The majsu@ was on Tuesday, June 19. Based on
hourly truck counts observed on that day, it isnested that approximately 1,000 trucks
bypassed the weigh station during the late morafteghoon station closure. There were
instances where the station was closed for verit gleoiods of time due to excessive backups on
the ramp leading from the mainline to the weighista The number of trucks that bypassed the
station during these brief closures was minimalsoAit is unknown what proportion of vehicles
bypass the station illegally, although it is assdrimebe a low percentage of the truck traffic for
purposes of this study.

Electronic copies of reports from all inspectiongsducted at the Laurel County station during
the two-week field study were obtained from KVEla conclusion of the study. This provided
evaluators with a list of specific vehicles thatrevehosen for inspection from the truck traffic
that traversed the station during the field stu@iizese inspection reports detailed the level of
inspection, results of the inspection, and anyatiohs or OOS orders. KVE also provided a
database of all inspections performed at all fiaed mobile sites in Kentucky for the 32.5-
month period from January 2005 through mid-Septer@b87. Information from these
inspection reports provided analysts with accurgtamation as to OOS rates for Kentucky
inspections for different classes of vehicles.

The Kentucky Department of Motor Vehicles also pded a copy of the Kentucky
Clearinghouse Database. The data in the Clearusghchanges daily, so it not possible to know
the exact contents of the Clearinghouse for eaglotithe field study. Rather, an attempt was
made to get a copy of the database as close torthef the field study as possible. Due to a
delay in making the file available to researcharsnapshot of the database was obtained by
researchers in August 2007, reflective of informatas of July 17, 2007, roughly one month
after the field study. It is unknown to what degtke contents of the Clearinghouse changed
between the end of the field study and July 17weéieer, for purposes of this study it is assumed
that any changes to a carrier’s profile would baimal. Registration and insurance status about
each carrier was extracted so that it could be aoedbwith other safety-related information to
form a more complete picture of each motor carrMore information on the Kentucky
Clearinghouse and the specific fields in the databs presented in Section 6.2.

Unfortunately, video images from the IR/thermal gimg camera during the field study at the

Laurel site were not available to the evaluatiante However, video data from the thermal
imaging system were provided to the independertiat@ on vehicles that passed through the
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Kenton County inspection station during a two-dayning session on July 31 and August 1,
2007. Although these video images were not ugeftiie Inspection Efficiency portion of the
evaluation, because they did not correspond tértiok traffic observed during the two-week
field study, they were reviewed in connection vitie system performance study, covered in
Section 5.0.

6.4 Characteristics of Truck Traffic at Laurel Coun  ty Station

A quantitative, statistically rigorous baselinetpre of the commercial traffic using I-75
northbound through southern Kentucky is importarprieparing strategies for helping vehicle
inspectors to focus on higher-risk carriers andaleb. First, summary demographic

information on truck traffic that traversed the tgluCounty inspection station during the field
study was collected. A second key factor in tfisrewas describing and understanding the
relative safety risk of these trucks. Informatamthe trucks observed entering the site or legally
bypassing the site via NORPASS during the fieldgtwere used.

The purpose of this section is to describe thekttradfic near the Laurel County inspection
station and to compare characteristics of this fajmn to the national population of motor
carriers. Table 6-4 provides an overview of thmhbars of trucks that were observed.

Table 6-4. Truck traffic volume observed during feld study.

June 11 — June 15 June 18 — June 22 Complete Fidtidy
Number of Number of Number of

Trucks Percent Trucks Percent Trucks Percent
Entered Statior 5,588 100.0 6,738 93.1 12,326 96.1
and Captured
by Data
Collector
Bypassed NA* NA 498 6.9 498 3.9
Station via
NORPASS
Total 5,588 100.0 7,236 100.0 12,824 100.0

* NORPASS bypass information was available for ahly second week of the field study.

Overall, USDOT numbers were captured for 12,326 GM¥tering the Laurel County station
during the two-week field study. Information onaatditional 498 vehicles that legally bypassed
the station during the second week of the studycapsured via NORPASS. Because of a
software or hardware archiving failure associatétl the ModelMACS screening system in
Kentucky, bypass information for the first weekiloé study could not be used because key
pieces of information were missing from the NORPATiBSthat reports truck bypass and pull-in
information. The 498 trucks that bypassed in #ead week were added to the 12,326
captured by the on-site researcher for a totaRgB24 vehicles used in the analysis. A total of
57 trucks were inspected during the first weekheffield test, while 36 trucks were inspected
the second week.
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Table 6-4 describes only those trucks that weremiesl either by the data collector or
NORPASS. As noted previously, identifying informoatwas not captured on a small subset of
vehicles. For example, trucks that did not passuiljh the ISSES but were instead directed
automatically or manually to the static scale wewecaptured by the data collector. Due to the
rate at which trucks passed by the scale houseowiradter going through the ISSES and the
distance between the ISSES equipment and the statie on the opposite side of the building, it
was not possible for the data collector to capti®®OT numbers from both sets of vehicles. In
consultation with KVE, the KTC estimates that, wltlea station is open, approximately 8
percent of the daily truck volume passes over thticsscale as opposed to going through the
ISSES. In addition, it is estimated that the resear was unable to obtain identifying
information on about 5 percent of the vehiclesetiang through the ISSES, mostly because
consecutive trucks were at times traveling too past the scale house window to capture all
information. While such unidentified trucks areckexied from this analysis, it is assumed that
the safety ratings and other characteristics ferstnall set of missed trucks are identical to those
trucks from which identifying information was capd.

Figure 6-1 summarizes the number of trucks obsesaeti day of the field study. Since the
number of hours of data collection varied by dag, mumber of trucks per hour is also provided
to be able to better compare truck volumes by ddye average number of trucks observed
traversing the station per day over the two weéklata collection was about 1,370. This
equates to about 179 trucks per hour. Truck volwae greatest on Thursdays and generally
higher toward the end of the week. Monday wasstbeest day in terms of truck traffic. Data
were not collected on weekends. Also, no datactal was present on July 12, and raw truck
counts are lower on July 19 due to the stationgelosed in the late morning and entire
afternoon.

Figure 6-2 shows the total number of trucks andhtimaber of trucks per hour that bypassed the
station via NORPASS and hence were captured bM@RPASS system during the second
week of the field study. An average of 13.5 trupks hour bypassed the station via NORPASS
during the 37 hours of data collection in the selcoeek. The largest number of bypasses
occurred Wednesday through Friday.

Figure 6-3 illustrates the number of inspectionsdeected per day at the station. The number of
inspections per day varied throughout the courghefwo-week study and was driven by the
number of inspectors on duty on a given day. Dutie field study, Laurel County had two

new KVE inspectors working for the first time. $hwas not believed to have a significant effect
on the evaluation, nor on the number of inspectamiseved per day. The prevailing attitude
among inspectors at the time of the study wastki®atwo new inspectors, once trained, might
enable the KVE staff at the site to make betteraidke ISSES data. The new inspectors were
not observed to be using the ISSES equipment amg than the experienced inspectors
assigned to the Laurel site. Since no data coltdodm the evaluation team was present on the
weekends, no inspection data was collected on vneskeither.
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Figure 6-3. Daily number of inspections during fiéd study.

6.4.1 Carrier Demographics

The USDOT number for every truck observed durirgfield study was cross-referenced with
the Motor Carrier Management Information System (8) Census File to obtain selected
demographic information. A large percentage oftthek traffic, 95 percent, was interstate
carriers, while the remaining 5 percent operatdtliwithe state of Kentucky. The large
percentage of interstate carriers is not surprjgngn that the station lies along I-75, a main
corridor for north/south traffic in that part ofetltountry, and is located just 30 miles north ef th
Tennessee border.

Table 6-5 shows a breakdown of the trucks’ homiestaSince license plate information was
not captured on all trucks, the home state for ¢éak is defined as the base state of the truck’s
carrier as listed in the MCMIS Census File. RoydHl percent of the truck traffic was based in
Kentucky. Another 25 percent of the trucks hadiees based in three of the states bordering
Kentucky (Tennessee, Ohio, and Indiana). A laéiqn of the truck traffic hailed from the
midwest and south with a small percentage base#tern states.
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Table 6-5. Distribution of carrier base state forobserved field study trucks.

State Number Percent
Kentucky 1,387 10.82
Tennessee 1,301 10.15
Ohio 1,144 8.92
Indiana 773 6.03
Michigan 707 5.5]
Arkansas 685 5.34
Wisconsin 593 4.62
Florida 564 4.4Q
Illinois 531 414
Ontario, Canada a77 3.72
Georgia 445 3.47
North Carolina 409 3.19
Pennsylvania 333 2.60
Nebraska 288 2.2b
lowa 283 2.21
Alabama 263 2.05
Arizona 243 1.89
Missouri 235 1.83
Texas 221 1.72
Minnesota 194 1.51
South Carolina 183 1.43
Virginia 175 1.36
New Jersey 107 0.88
All Other States 1,283 10.00
TOTAL 12,824 100.00

6.4.2 Carrier Electronic Screening

Of the 12,824 observed trucks that traversed thedl&County inspection station during the
times of field study data collection, 639 (or Sqat) contained a transponder enrolled in
NORPASS. Seventy-eight percent of the 639 e-sorggrarticipating trucks were allowed to
bypass the station while the remaining 22 percemewnstructed to pull into the station. This
observed pull-in percentage is consistent with wiaild be expected given the NORPASS
pull-in rates provided in Table 6-2. Figure 64dstrates the percentage of trucks that bypassed
and pulled into the station each day for the seeweek of the study. The percentages are fairly
consistent across the five days, with a slightghler pull-in rate on Thursday and Friday.
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Figure 6-4. Percentage of e-screening participatinfield study truck traffic that bypassed and
pulled into inspection station.

Table 6-6 displays the percentage of trucks thig¢gunto the station at the direction of
NORPASS broken down by the reasons they were pulle®ver half of the trucks were pulled
in because of no weight data available from theniimee WIM. KTC officials commented that
weight data may not be available in cases whemach ts straddling the WIM or there is a
significant cargo shift while crossing the WIM. i$talso could indicate a technical problem
with the WIMs. Eighteen percent were selected oamlg for pull-in, while 13 percent had
problems with their credentials or they were idgedi as a PRISM carrier. About 11 percent
were brought in for a weight violation.

Table 6-6. Distribution of reasons e-screening pécipating trucks were required to pull-in to
inspection station during field study.

Reason for Pull-In Percentage of Trucks
Credentials relgted or PRISM 12.6%
Carrier
No weight data 58.2%
Random Selection 17.9%
Weight Violation 11.4%

6.4.3 Carrier Risk
The carriers’ ISS scores were used to assessstifety risk. ISS is a decision aid for CMV

roadside driver/vehicle safety inspections, whialdgs safety inspectors in selecting vehicles
for inspection. The underlying inspection valubased on data analysis of the motor carrier’s
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safety performance record using information from@G3A’'s MCMIS. It is primarily based on
SafeStat with an additional carrier-driver-conwaatineasure. SafeStat ranks all carriers by their
safety performance in areas of crash history, ictspe history, driver history, and safety
management experience (UGPTI 2004). The systemda® FMCSA with the capability to
continuously quantify and track the safety statusmotor carriers, especially unsafe carriers.

This allows FMCSA enforcement and education progrémeffectively allocate resources to
carriers that pose a high risk of involvement iastres. The ISS provides a three-tiered
recommendation, as shown in Table 6-7.

Table 6-7. ISS values and recommendations.

Recommendation ISS Inspection Value Risk Category
Inspect (inspection warranted) 75-100 High
Optional(may be worth a look) 50-74 Medium
Pasginspection not warranted) 1-49 Low

The USDOT numbers for the 12,824 trucks observédeainspection site were compared with a
copy of the SAFER database obtained at the tintleeofield study to obtain the ISS score for
each carrier that could be identified. Trucks ween placed into risk categories based on
Table 6-7. Carriers were placed into an “insuéfitidata” risk category if there was not enough
information to generate an ISS score. Carriere WBDOT numbers that could not be found in
SAFER were labeled as unknown. The distributiosadéty ratings was also generated for all
active carriers in the SAFER database at the tintleeofield study so that a comparison could be
made between the relative safety risk for the paipurh of Kentucky traffic around the Laurel
County station and the population of CMVs natiopall

Figure 6-5 shows the percent of Kentucky field gtirdck traffic that fell into each risk category
based on each carrier’'s ISS score, compared wethigsk breakdown of all active trucks in
SAFER at the time of the field study. A large pydpn of the carriers in SAFER, however,
about 81 percent, do not have sufficient infornmmratiom generate an ISS score based on safety
information (as opposed to less than 8 percertefield study truck traffic). This skewed the
risk distribution for the national truck populatitsward the Insufficient Data risk category. To
better compare the Kentucky carriers with the mati@arriers, only carriers with sufficient
information from SAFER were used. Also, unknowrriess (ones where USDOT numbers
could not be matched to SAFER) were removed framgarticular comparison.

About 33 percent of the Kentucky field study trackffic is considered high-risk based on ISS
while 21 percent and 46 percent are consideredunmedand low-risk, respectively. The
percentage of national high-risk carriers is lot@m in Kentucky. As mentioned previously,
there were a large number of carriers in SAFER waslufficient information to place them in a
risk class—much more so than in the truck trafficKentucky. Furthermore, an examination of
historical inspection reports from Kentucky hasi¢gatked that carriers with insufficient data to
generate an ISS score have OOS rates comparahlesetrucks in the high-risk category.
Consequently, the exclusion of all carriers fromF&ER with insufficient data may be artificially
lowering the percentage of high-risk carriers framational perspective. Regardless, the risk
distribution of Kentucky truck traffic does not fdif dramatically from that of the national risk
breakdown. Furthermore, the percentages of trgkssk are relatively consistent with results
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obtained from three other field studies conducte@alorado, New York, and Ohio as part of the
separate Evaluation of the National CVISN Deploytrfenogram (not shown here). As a result,
it is reasonable to assume that the traffic neatturel County station is comparable to the
national population of carriers from a risk standpo
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Figure 6-5. ISS risk distribution for Kentucky field study truck traffic as well as national risk
distribution from SAFER.
Notes: 1. Kentucky truck traffic based on 11,5bSearved trucks during June 11 — June
22, 2007 with sufficient information to calcula®S score.
2. National data based on approximately 219,000ecarin SAFER Carrier Table with
sufficient information to calculate ISS score.

In addition to assessing the safety risk distrimufior Kentucky truck traffic versus the national
carrier population, risk classification was alsedito compare different segments of the
Kentucky truck traffic observed during the fieldidy. Table 6-8 examines the risk distribution
(based on ISS scores) of Kentucky field study tsuekh and without transponders.
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Table 6-8. Comparison of ISS risk distribution fore-screening and non-e-screening
Kentucky field study trucks.

# of KY Field Study # of KY Field Study
ISS Risk Trucks Screened Trucks Screened without
Classification with Transponder % Transponder %
High 83 13.0 3,677 30.2
Medium 91 14.2 2,315 19.0
Low 459 71.9 4,890 40.1
Insufficient Data 4 0.6 996 8.2
Unknown 2 0.3 307 2.5
Total 639 100.0 12,185 100.0

Of all trucks participating in e-screening, aboRtpércent are classified as low-risk compared to
only 40 percent of non e-screening participatingiees. Thirteen percent of e-screening carriers
are in the highest risk class as opposed to mare3b percent of trucks without transponders.
This is not surprising, because carriers with bestdety records are more likely to enroll in e-
screening than carriers with poorer safety records.

Table 6-9 examines the risk distribution of alleeegning participating carriers who were given
a green light to bypass the station as well asetihestructed to pull into the station. Based on
the objectives of e-screening, one would expeatgel percentage of high-risk trucks to be
pulled in versus allowed to bypass. The data suppis expectation as the set of bypassed
trucks have a lower percentage of high-risk tryelksut 11 percent) compared to the trucks
instructed to pull in (about 21 percent). Agaiistis not surprising given that the rate in which
trucks are pulled into stations is higher for thoseks with higher carrier’s vehicle and driver
OOS rates. Lower risk trucks are pulled in lesg@iently.

Table 6-9. Comparison of ISS risk distribution fortrucks bypassing station and trucks pulling into
station using Kentucky screening criteria.

ISS Risk # of KY Field Study Trucks # of KY Field Study
Classification that Bypassed Station % Trucks that Pulled In %
High 53 10.6 30 21.3
Medium 78 15.7 13 9.2
Low 361 72.5 98 69%5
Insufficient Data 4 0.8 0 0.0
Unknown 2 0.4 0 0.0
Total 498 100.0 141 100.(

D

a. As shown in Table 6-6 above, 58 percent optiiked-in, transponder-equipped trucks received red

lights because of a lack of weight (WIM) data.
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6.5 Inspection Efficiency

For purposes of this evaluation, inspection efficieis defined by the degree to which
inspectors choose high-risk trucks for inspectidmigh-risk truck is one where there is a high
likelihood that the truck is operating with a seisdOOS condition. There are multiple ways to
define the risk associated with a truck. Two mdthexplored in this section are: (1) the
carrier’s ISS score, a rating system promoted bpOF; and (2) a carrier’s vehicle and driver
OOS rates, which are the metrics currently pretebeKentucky in roadside enforcement.

6.5.1 Risk Categories Using Carrier ISS Score

The data that were needed to assess the efficadribg current inspection practices included the
following:

* ISS Risk classifications for trucks in the popwatat the inspection site (based on
observed truck traffic during field study);

* ISS Risk classifications for trucks that were irtpd (based on approximately 2.5
years of state inspections in Kentucky); and

* OOS rates by ISS risk classification, historicadigd during the field observational
studies.

As discussed in Section 6.4.1, trucks observeldeainispection site were placed into one of five
risk categories based on the carrier’'s ISS scosng the same methodology, risk
classifications based on the ISS score were alsor@al for trucks inspected at both the Laurel
County north- and southbound stations from Jan2@p through mid-September 2007. In
order to obtain OOS rates by risk category, theohsal inspection records were used to
determine whether each inspection over the 32.5maneframe resulted in an OOS order
being issued. OOS rates were expressed as theenan®OS orders given per 100 inspections
for each risk category.

For trucks inspected anywhere in Kentucky from dayn@005 through mid-September 2007, the
carrier’s risk category at the time the inspectimok place is not known. The risk category used
in the present analysis is based on a copy of SAdliiRned during the field study. The
assumption here is that a carrier’s current riskgas the same as when the carrier’s vehicle
was inspected. A carrier’s rating could, of couts®/e changed over the 2.5-year period.
However, based on the availability of SAFER dawgdbe rating was assumed to remain
constant.

6.5.2 Risk Categories Using Carrier's Vehicle an®river OOS Rates
Kentucky’s use of OOS rates to select vehiclesrigpection was described in Section 6.2. For
purposes of this discussion, driver OOS rates aléiphed by 3 to make the vehicle and driver

OO0S rates more comparable numerically. Also, ligkvehicles are defined as those operated
by a carrier with a vehicle or driver OOS rate blieast 25 percent. Medium-risk vehicles are
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those with a vehicle or driver OOS rate betweenardd 25 percent. Low-risk carriers have OOS
rates of at most 10 percent.

OOS rate risk classifications were obtained fordhserved truck traffic during the field study as
well as vehicles inspected at the north- and sauth® Laurel County sites over the previous 2.5
years by cross-referencing each vehicle’s USDOTharmwith the Kentucky Clearinghouse.
Then, because there is a wide range of OOS ratesbh risk category (e.g., 76 to 99), the
average OOS rate for all carriers in each OOSaag&gory was calculated using historical state
inspections. This average number of OOS ordersus@d in the safety benefits analysis.

6.5.3 Using Carrier ISS Score to Define Truck Risk

Table 6-10 summarizes the inspection efficienapatLaurel County inspection station in terms
of the probability of selecting high-risk trucké.ctual vehicle inspection totals by risk category
in the first row are based on more than 17,000aaspns performed at the Laurel County north-
and southbound stations between January 1, 20685 eptember 13, 2007. Since only 93
trucks were inspected at the northbound ISSESJsiieg the two-week field studythe use of

the historical inspections provided a more robisgt distribution of inspections. Also for this
reason, inspections from the southbound Laurel §oatation were included. The southbound
station is located on the other side of the highaay is similar in layout to the northbound
station, with the exceptions that the southbouatist does not have an ISSES, and the
southbound station has both the low-speed bypassaiad the static scale lane on the east
(highway) side of the scale house. The truckitraiéhicle totals in the second row are based on
the total number of trucks observed traversingstadon during the field study. The vehicles
selected for inspection as well as those in thekttraffic population were divided into high-,
medium-, and low-risk, insufficient data, and unkmarisk based on the ISS scores of the carrier
and are shown in columns 2 through 5 of Table 6-10.

For the inspected and truck traffic vehicles, thabpbility of a truck being high-risk is shown.
The probability of a truck being in the high-risktegory is calculated as the number of high-risk
trucks divided by the total number of trucks. Ab@Q percent of the truck traffic at Laurel
County was considered high-risk, while 34 percédrthe vehicles inspected at the Laurel County
station were high-risk. The ratio of the propantwf high-risk vehicles inspected to the
proportion in the truck traffic population is 1.(#3.94 percent divided by 29.32 percent). This
ratio is statistically significantly greater tharfthhe value expected if there was no difference
between random inspections and current practiCHs)is, current inspection practices such as
inspector judgment, visual observation of vehictex] use of NORPASS for transpondered

* Although not broken out separately for analysithia evaluation, as a point of reference, theofuihg is a
description of the population of 93 trucks chosanifispection during the two-week field study atitel
northbound station. About 46 percent of the truekse classified as high-risk. This is higher tifzen 34 percent of
all trucks inspected during the 32.5-month peraishown in Table 6-10 below. Although the exaasoa for the
difference is unknown, possible explanations ineludriations in inspector skills and methods, tohday, and
changing weather conditions between the longersaonder time periods of analysis. Factors sudhese could
have an impact on the truck population or the inpe efficiency of a particular site. By contrast these 93
trucks inspected, five had an OOS violation (foersevdriver-related and one was vehicle-relatedjis DOS rate
of 5.4 percent was, incidentally, lower than thesl@ercent statewide historical OOS rate.
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Table 6-10. Inspection selection efficiency at Laal County station.

Number of Trucks by Risk Classification Percent of
Med/ | Insuff. High-Risk
Vehicle Data High Low Data | Unknown | Total Carriers
Inspectet’ 5929 | 10,502| 987 53 17,471 33.94%
Truck Traffid® | 3,760 7,755 1,000 309 12,834 29.32%
Inspected vs. Truck Traffic 1.16

1. Vehicle inspection totals based on more tha@Q¥jnspections performed at the Laurel County
northbound and southbound stations between Jadu&d05 and September 13, 2007

2. Truck Traffic totals based on more than 12,800ks observed during two-week field study at Laure
County Station

vehicles yield slightly more high-risk trucks thidiimspectors would simply choose trucks
randomly.

The analysis comparing OOS rates for differentécspn selection strategies requires estimates
of OOS rates across risk categories. Table 6-dlvsistatewide OOS rates by risk categories,
which were calculated using all inspections in Keky between January 1, 2005, and
September 13, 2007. OOS rates were 7.2 per 1p8dtiens for low-risk trucks and 17.2 per
100 inspections for high-risk trucks. OOS ratedifocks with insufficient data and for an
unknown risk class were higher than those for higktrucks. The overall OOS violation rate
was 13.6% over the 32.5-month span.

Table 6-11. Statewide OOS violation rates by riskategory for inspections performed January
1, 2005, through September 13, 2007.

Risk Class (Based | Number of Number of Inspections with an | OOS Rate (No. per

on ISS Score) Inspections 0OOS Violation 100 Inspections)
High-Risk 70,803 12,183 17.2
Medium-Risk 40,818 5,597 13.7

Low-Risk 80,225 5,763 7.2

Insufficient Data 26,384 5,072 19.2
Unknown 4,222 1,561 37.0
Total 222,452 30,176 13.6

Kentucky’s historic OOS rates were found to be isicgntly below the national average.
Nationally, 24 percent of vehicles inspected were@OS for vehicle violations and 7 percent of
drivers inspected were put OOS for driver violatam 2005 (USDOT 2005b). Based on
Kentucky inspections performed from January 1, 28@®ugh September 13, 2007, Kentucky’s
vehicle and driver OOS rates for 2005 were 9.5qrdrand 4.7 percent, respectively.
Representatives of the KTC acknowledged that Keaiytad©OS rates are below the national
average and that FMCSA and the Commissioner of K& identified the raising of OOS rates
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as a priority. The KTC has been performing a tedaanalysis of Kentucky's OOS rates in an
attempt to better understand the difference in @& between Kentucky and the rest of the
nation. At the time of this evaluation, no reswitonclusions from this analysis were
available. More discussion on the relatively loeritucky OOS rates is provided in Section 6.6.

Table 6-12 presents the results of the analys3@®$ rates. The expected number of OOS
orders was calculated for two scenarios: if truekse selected randomly for inspection, and if
trucks were selected according to current practidde expected number of OOS orders per 100
inspections under each of these scenarios wasla@dlby multiplying the proportion of trucks

in each risk category by the OOS rate for thatgmtie That is, the number of OOS orders per
100 inspections was equal to the proportion ofehi30 inspections that would be expected to
be in the risk category multiplied by the OOS ratethe risk category. For example, the table
illustrates that about 29 percent of trucks obskduring the field study were classified as high-
risk compared to roughly 34 percent of the inspesticonducted at the Laurel County station.
The state OOS rate for the high-risk category i2.1Thus, the expected number of OOS orders
per 100 random inspections of high-risk trucks widag 5.04 (29.32*0.172). Using current
inspection practices, the expected number of O@8rsmer 100 inspections for high-risk trucks
is 5.84 (33.94*0.172). Within each inspection st scenario, the sum of the corresponding
numbers over all five risk categories gave the tmianber of OOS orders expected per 100
inspections.

Table 6-12. Comparison of expected number of OOSders per 100 inspections for Laurel County
inspection station using ISS scores to define ristategories—random selection versus current
inspection practices.

Percentage of Commercial No. OOS Orders per 100
Vehicles State Inspections
ISS Risk Random 00Ss Random
Category Selection® Inspected” Rate | Selection Inspected
High 29.32 33.94 17.2 5.04 5.84
Medium 18.76 18.43 13.7 2.57 2.52
Low 41.71 41.68 7.2 3.00 3.00
Insufficient 7.80 5.65 19.2 1.50 1.08
Data
Unknown 2.41 0.30 37.0 0.89 0.11
Total Expected OOS Orders per 100 Inspections 13.00 12.55

(1) Random selection percentages were determined i8S Scores of more than 12,000 vehicles that wer
observed at the Laurel County northbound inspeditenduring the field study.

(2) Actual selection percentages are based on tharel7,000 inspections performed at the LaureinGou
northbound and southbound stations between Jadu@g05 and September 13, 2007.

Overall, if trucks were selected for inspectiomaatdom, one would expect about 13 OOS orders
per 100 inspections. Using the current inspecEaction procedure, the number of OOS orders
per 100 inspections would be expected to drop @@% orders per 100 inspections. Although
the number of OOS orders for high-risk trucks iases, the slight overall drop in OOS orders is
due mainly to the lower percentage of insufficidata carriers that are inspected compared to
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the percentage of carriers with insufficient datshie truck traffic population. This is a
consequence of Kentucky focusing on OOS ratesnasasure to select high-risk trucks—if any
historical safety data were used at all—and natguEsS scores to select vehicles for inspection.
Moreover, the state OOS rate for insufficient dataiers is quite high at 19.2 OOS orders per
100 inspections. Thus, current inspection selagti@ctices do not yield an improvement in the
number of OOS orders over selecting trucks randomly

Table 6-13 illustrates the impact on the numbedOIS orders per 100 inspections where an
inspection selection strategy is adopted that pa@tes the use of full electronic screening.
Under this hypothetical scenario, all CMVs clagsifas low- and medium-risk enroll in
NORPASS, are equipped with transponders, and nwed to bypass inspection sites.
Inspectors then use current practices to seledthestor inspection from the remaining trucks
in the high-risk and insufficient data categoridie second column again shows the risk
distribution of trucks that would be expected ifdks were selected randomly for inspection.
The third column shows the proportion that wouldrispected if all low- and medium-risk
trucks were allowed to bypass the site and if tmalmers for the remaining risk categories were
increased proportionally. For example, the peagmbf high-risk trucks expected to be
inspected under this strategy would be 74.17 péef@@nl7% = 29.32% / [1-(0.1876+0.4171)]},
while no medium- or low-risk trucks would be insfegt  As in the preceding table, the expected
number of OOS orders per 100 inspections under efitlese two scenarios was calculated by
multiplying the proportion of trucks in each risktegory by the OOS rate for that category.
Within each inspection selection scenario, the sfithe corresponding numbers over all five
risk categories gave the total number of OOS orebepected per 100 inspections.

Table 6-13. Comparisons of expected number of OCG®ders per 100 inspections for Laurel
County inspection station using ISS scores to defrisk categories—random selection versus
electronic screening where medium- and low-risk carers are allowed to bypass station.

Percentage of Commercial No. OOS Orders per 100
Vehicles State Inspections
ISS Risk Random 00Ss Random
Category Selectior” FullES® | Rate Selection Full ES
High 29.32 74.17 17.2 5.04 12.76
Medium 18.76 0.00 13.7 2.57 0.00
Low 41.71 0.00 7.2 3.00 0.00
Insufficient 7.80 19.73 19.2 1.50 3.79
Data
Unknown 2.41 6.10 37.0 0.89 2.26
Total Expected OOS Orders per 100 Inspections 13.00 18.81

(1) Random selection percentages were determioned i8S Scores of more than 12,000 vehicles that wer
observed at the Laurel County northbound inspeditenduring the field study.

(2) Distribution was derived from random selectmrcentages and the assumption that electroniersoge
eliminates low and medium-risk carriers from thkesiéon process (e.g., for high-risk category 74617
29.32% / (1-(0.1876+0.4171))).
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Again, if trucks were selected for inspection atd@am, one would expect about 13 OOS orders
per 100 inspections. If electronic screening wenglemented to the point that all low- and
mediume-risk trucks would be allowed to bypass tte the number of OOS orders per 100
inspections would be expected to rise to aboutTl¥s last scenario represents an increase of
OOS orders per 100 inspections of about 45 pefoemtthe scenario where trucks are randomly
selected for inspection from the population of én@ing trucks. It also represents an increase of
OOS orders per 100 inspections of about 50 pe@npared to current inspection practices.

6.5.4 Using Carrier OOS Rates to Define Truck Risk

Rather than ISS scores, Kentucky uses a carrigverdand vehicle OOS rate to determine those
trucks that should be selected for inspectionadisis where an office support assistant is
assigned. Trucks observed during the field teseww&aced into risk categories based on their
vehicle OOS rate or their driver OOS rate (mulégdlby three), whichever is higher. Carriers
with higher vehicle or driver OOS rates are plaiced higher risk categories. In turn, the higher
the risk category that a truck belongs to, the éighe probability that the truck would be kicked
out for inspection.

The USDOT numbers of all trucks observed duringfigsld study were cross-referenced with a
copy of the Kentucky Clearinghouse database neatirtie of the field study to obtain both the
vehicle and driver OOS rate for each carrier. Basethe higher of the vehicle and driver
(multiplied by three) OOS rates, carriers were @thinito one of seven risk categories.

The first three columns in Table 6-14 show the dategories as well as the risk distribution for
the Kentucky field study truck traffic. Carrienealefined as having insufficient data if no
inspection information was available for that carin SAFER. Unknown trucks are operated by
carriers whose USDOT number could not be foundARER. About 63 percent of the truck
traffic have carriers in the 0-24 risk class. Fpezcent of the truck traffic had OOS scores above
50.

To evaluate the inspection selection efficiencyeamsged with the Kentucky inspection selection
algorithm, the next set of columns summarizes mfdron used to simulate what would happen
if inspectors followed the algorithm explicitly.h& percentage of trucks that would be kicked
out for inspection based on the distribution otkrtraffic observed during the field study is
provided as well as the kick-out rates for eack cetegory. The inspection kick-out rates are
defined as the number of trucks that the algoritthemtifies for inspection and are the standard
rates used by KVE personnel as of June, 2007. eTifaas could be altered by KVE as needed
to change the focus of their inspections. Howefegrthis illustration the standard rates are
used. Also, the rates for unknown and insufficiggiia are set at 1 in 500 trucks, the same as the
lowest risk category. The number of observed suokeach risk category is multiplied by the
kick-out rate to identify the number and percentaigebserved trucks that would be identified
by the algorithm for possible inspection.
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Table 6-14. Risk distribution of field study truck traffic and trucks kicked out from inspection
selection OOS rate algorithm.

Truck Traffic Kicked Out Trucks
Risk Category Inspection #

(Based on OOS Score) | # Trucks Percent |Kick-out Rate | Trucks Percent

100 41 0.32 1/20 2 1.61
76-99 155 1.21 1/5 31 25.00
50-75 442 3.45 1/10 44 35.48
25-49 2,808 21.89 1/100 28 22.58
0-24 8,071 62.94 1/500 16 12.90
Insuff Data 1,000 7.80 1/500 2 1.61
Unknown 307 2.39 1/500 1 0.81
Total 12,824 100.00 124 100.00

Approximately 124 trucks would have been kickedlmuthe Kentucky OOS rate inspection
selection algorithm over the 8.5 days of data ctib® (or about 14.6 trucks per day). The
number of kicked out trucks was arrived at basethertime a researcher was present to capture
truck identification information—roughly an 8-houspector work day. As designed by the
algorithm, the kicked out trucks were spread thhmug all risk categories with more emphasis
on the higher OOS rate categories. About 25 péfdhcked out trucks had OOS rates in the
76 to 99 range while 35 percent had OOS ratesaibthto 75 range. Examination of the risk
distribution of truck traffic at the station duritige field study, as shown in the second and third
columns of Table 6-14, shows that the risk distrdouof truck traffic is significantly lower—
only about 1.5 percent of trucks had an OOS ratkarv6 to 100 range and 3 percent in the 50
to 75 range. Roughly 63 percent of trucks had @& in the 0 to 24 range.

Table 6-15 summarizes the inspection selectiogieffcy that would be obtained if the
algorithm was used explicitly. For both the trufic and kicked out vehicles, the probability
of a truck being of high risk is shown where higgkiis defined as trucks having an OOS score
in the 25 to 100 range. For example, the prolglmfiselecting a high-risk truck if the selection
process was purely random is about 27 percent. ederythe percent of high-risk trucks kicked
out for inspection using the OOS rate algorithmigch higher, at almost 85 percent.

The proportion of high-risk vehicles kicked out fospection divided by the proportion in the
truck traffic population is 3.16. This ratio isalstatistically significantly greater than 1. §hu
the inspection selection process where inspeatarssed only on trucks that were kicked out for
inspection based on the OOS rate algorithm wolddItén more than three times as many high-
risk carriers than would be inspected if the s@acivere purely random.
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Table 6-15. Kentucky inspection selection efficiany using OOS rates to define risk.

Percent of High-risk Carriers
Vehicle Data (O0S >24)
Truck Traffic 26.87%
Kicked Out Trucks 84.90%
Kicked Out vs. Truck Traffic Population 3.16

To further examine the inspection efficiency of Kentucky inspection selection algorithm, an
analysis was performed to compare the number of @@&s issued under the various
scenarios. The analysis comparing OOS rates exjastimates of OOS rates across risk
categories. Table 6-16 shows statewide OOS rgtaskcategories, which were calculated
using all inspections in Kentucky between JanuaB005, and September 13, 2007. The total
number of inspections during this time frame, 282,4epresents all inspections at fixed and
mobile sites conducted throughout the state. Cad%ranged from 7.9 per 100 inspections for
trucks with OOS rates between 0 and 24 to 39.@p@rinspections for trucks with a 100 percent
OOS rate. The overall OOS violation rate was p&gent over the 32.5-month span.

The OOS rate presented in the last column is thie draver for determining the OOS rate risk
category (column 1) to which a carrier belongscdsse of this, carriers in riskier categories
have higher OOS rates. Because there is a wide @nOOS rates for each risk category, the
purpose of Table 6-16 is to get the average OGSfoatall carriers in each OOS risk category.
This average OOS rate for each risk category wed umsthe subsequent analysis of OOS orders
per 100 inspections.

Table 6-17 presents the results of the analys3@®$ rates. The expected number of OOS
orders was calculated for two scenarios: if truekse selected randomly for inspection, and if
trucks were selected using the Kentucky OOS rgerighm. The expected number of OOS
orders per 100 inspections under each of thesesosrwas calculated by multiplying the
proportion of trucks in each risk category by th@®rate for that category. That is, the number
of OOS orders per 100 inspections was equal tpihygortion of those 100 inspections that
would be expected to be in the risk category miigiibby the OOS rate for the risk category.
For example, the table illustrates that about p&tent of trucks observed during the field study
had an OOS rate in the 76 to 99 range comparealighty 25 percent of the kicked out vehicles.
The state OOS rate for this risk category is 2@@ent. Thus, the expected number of OOS
orders per 100 random inspections of trucks haam@OS rate in the 76 to 99 range would be
0.36 (0.0121*29.9). Using the Kentucky OOS Ratgoiithm, the expected number of OOS
orders per 100 inspections is 7.46 (0.2496*29W)thin each inspection selection scenario, the
sum of the corresponding numbers over all sevércasegories provides the total number of
OOS orders expected per 100 inspections.
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Table 6-16. Statewide OOS violation rates by OOSate risk category for inspections performed
January 1, 2005, through September 13, 2007.

OOS Rate Risk Number of Number of Inspections with | OOS Rate (No. per

Category Inspections an OOS Violation 100 Inspections)
100 2,068 818 39.6
76-99 4,726 1,413 29.9
50-75 15,890 3,786 23.8
25-49 54,464 8,484 15.6
0-24 114,756 9,052 7.9
Insuff Data 26,384 5,072 19.2
Unknown 4,164 1,551 37.2
Total 222,452 30,176 13.6

Table 6-17. Comparisons of expected number of OG&ders per 100 inspections for Laurel
County inspection station using OOS rates to defingsk categories.

Percentage of
Commercial Vehicles No. OOS Orders per 100 Inspectns

OOS Rate Risk Random | Kicked State Random (based on | Random (based on
Category Selectiod? | out® | OOS Rate population) kick-outs)
100 0.32 1.61 39.6 0.13 0.64
76-99 1.21 25.00 29.9 0.36 7.48
50-75 3.45 35.48 23.8 0.82 8.44
25-49 21.89 22.58 15.6 3.41 3.52
0-24 62.94 12.90 7.9 4.97 1.02
Insufficient Data 7.80 1.61 19.2 1.50 0.31
Unknown 2.39 0.81 37.2 0.89 0.30

Total Expected OOS Orders per 100 Inspections 12.08 21.71

(1) Random selection percentages were determined @arrier’'s vehicle and driver OOS rates of mbant
12,000 vehicles that were observed at the Laurah@onorthbound inspection site during the fieladst
(2) Kick-out rate distribution was derived using tfisk distribution of the more than 12,000 velsdieat were

observed at the Laurel County northbound inspedittnduring the field study and the corresponding
kick-out rate for each risk category.

Overall, if trucks were selected for inspectiomaatdom, one would expect about 12 OOS orders
per 100 inspections. Using the Kentucky OOS rhgershm to select trucks, the number of
OOS orders per 100 inspections would be expectaddgdo almost 22. This represents an
increase of OOS orders per 100 inspections of ad@piercent from the scenario where trucks
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are randomly selected for inspection from the pafpaih of traversing trucks. Moreover, this
inspection selection strategy yields 15 percenten@®S orders than the scenario where
electronic screening is performed based on ISSsand allows all low-and medium-risk
carriers to bypass. This is to be expected sime&entucky algorithm focuses solely on OOS
rates for screening while ISS scores are composachumber of different safety measures.

In summary, the inspection selection efficiencthatLaurel County station is very similar to the
efficiency that would be obtained if trucks werésted randomly from the population of
traversing trucks. The percent of high-risk truskected for inspection under current roadside
enforcement measures is slightly higher than thegogage that would be obtained through a
purely random selection. However, the number oSQ@ders issued under these two scenarios
is not significantly different. These results besed on data collected from a site that does not
as yet have a fully operational and integrated ISS¥stem, nor does the system employ a
significant amount of inspection selection critds&yond visual inspection, inspector experience,
or inspector judgment.

As Table 6-17 illustrates, inspection efficiencylwbbe significantly improved if the Kentucky
OOS rate algorithm were consistently used to ifemghicles for inspection. The use of this
algorithm requires two things: 1) every truck tiraverses the inspection station needs to be
instantly identified (e.g., USDOT number, KYU numpl&ense plate number); and 2) this
identifying information needs to be linked to fealeor state databases such as the Kentucky
Clearinghouse to obtain the necessary historidatysanformation needed to identify trucks for
inspection in real time. A fully operational amdagrated ISSES would provide the necessary
means for inspectors to use this algorithm to imeriaspection selection efficiency. The
USDOT and license plate cameras would record tlek tidentification information while
integration with data sources such as SAFER oK#rgucky Clearinghouse would provide
inspectors the instantaneous, real-time accesartiecand truck information needed to make
better inspection decisions.

6.6 Safety Benefits

Table 6-18 presents a summary of large trucks irebln crashes in 200Both nationally and
within Kentucky.

Table 6-18. 2005 crash statistics for Kentucky andation

Kentucky Nation
Large Trucks involved in Crashes 2,853 441,000
Fatalities 124 5,212
Injuries 1,858 114,000

Source: FMCSA 2005 Large Truck Crash Facts (NafigfyDOT 2007b).
Fatality Analysis Reporting System (FARS), MCMIS.

® Although more current crash statistics are avhilabe safety benefits analysis is performed uaibgseline year
of 2005 because that was the last year for whichpbete data were available from all of the relevamtrces.
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The most important benefit expected from the deplkayt of the ISSES and other CVISN
technologies, especially electronic screening afekyg information exchange, is a reduction in
CMV-related crashes through improved enforcememh@federal Motor Carrier Safety
Regulations (FMCSRs). The principal hypothesibadested is that the ISSES and CVISN
technologies will help enforcement staff focus exson resources on high-risk carriers. This
will result in more OOS orders for the same nundienspections—thereby removing from
service additional trucks and drivers that wouldeheaused crashes because of vehicle defects
and driver violations of safety regulations.

6.6.1 Technical Approach

The following sections describe (1) the sourcedaté obtained from the literature and the field
study conducted at the Laurel County station usezstimate the impacts of ISSES and CVISN
on roadside safety enforcement, (2) the crash amciEl model used to estimate safety benefits,
and (3) various roadside enforcement (RE) scenased to illustrate the safety benefits.

Data Sources

Table 6-19 lists some key safety statistics obthin@m the published literature. Most of these
data are used in the crash avoidance analysigsodie provided for reference. According to
FMCSA, 8.5 million large trucks (>10,000 poundsgg@ehicle weight) in 2005 traveled
approximately 233 billion miles in the U.S. Alsp2005, the last year for which complete
statistics are available, 441,000 trucks were meolin crashes, resulting in approximately
114,000 injuries and 5,212 deaths. The correspgmdites per vehicle mile traveled are derived
from these values. Other relevant statistics gediin Table 6-19 include the number of
national and Kentucky CMV inspections performe@@95 and the actual percentages of OOS
orders issued. In 2003, FMCSA sponsored the Naitibruck Fleet Safety Survey (TFSS), in
which approximately 2,800 trucks were selectedatiom for inspection in order to estimate the
percentages of trucks and drivers that operate @$ conditions (i.e., violation rates). These
estimates differ from the actual OOS rates becasgectors choose vehicles for inspection
based on vehicle appearance and apply their kngeladd experience. The estimated OOS
rates reported by the TFSS were 28 percent forcleshand 5 percent for drivers (FMCSA
2006b).

In order to determine the impact of removing OO&8atbrs from the roadway on the number of
crashes, it is necessary to estimate certain pildiEgassociated with crash causation. One
important component to the statistical crash radaoanodel is being able to estimate the relative
risk of driver and vehicle OOS violations in tructashes. Specifically, we would like to know
the probability that an OOS condition exists onugk given a crash has occurred involving that
truck. Before the FMCSA-sponsored Large Truck @i@ausation Study (LTCCS), there were
not reliable estimates of this probability for eittvehicle or driver OOS violations as there had
not been sufficient data to support calculationetiible estimates. By focusing on the pre-crash
condition of the truck, the LTCCS provides the tiglpe of data for this analysis. The LTCCS
data was used to calculate various probabilitiaswere used as inputs to the crash avoidance
model (USDOT 2006a). These data are discussed foibrén the next section along with the
explanation of the crash avoidance model.
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Table 6-19. Relevant national safety and safety fsxcement statistics on large trucks.

Statistic Description Value Source

Number of large trucks 8.5 million | Large Truck Crash Facts 2005
(USDOT 2007b)

Large truck annual vehicle miles traveled (VMT) 323llion | Large Truck Crash Facts 2005
(USDOT 2007b)

Large trucks involved in crashes (2005) 441,000| Large Truck Crash Facts 2005

Injuries from large truck crashes (2005) 114,000| (USDOT 2007b)

Fatalities from large truck crashes (2005) 5,212

Large trucks involved in property damage-only cessh 354,000( Large Truck Crash Facts 2005

Large trucks involved in injury-only crashes 82,000| (USDOT 2007hb)

Large trucks involved in fatal crashes 4,932

Large truck crash rate (truck crashes/100 millidiTy

= 441,000 truck crashes/233 billion VMT 189.3| Derived

Commercial vehicle (non-bus) vehicle inspectiondqrened 1,949,375| Annual Summary of Roadside

(2005) 2,669,679| Inspections — NAFTA Safety Stats

Commercial vehicle (non-bus) driver inspectionsO&)0 2,708,856 (A&l website)

Total CV (non-bus) inspections (driver or vehid2p05)

Kentucky annual commercial vehicle (non-bus) vehinkpections 44,142 | Kentucky Historical Inspection

performed (2005) Data

Kentucky annual commercial vehicle (non-bus) drimepections 86,028

performed (2005)

Kentucky annual commercial vehicle (non-bus) (driwevehicle) 86,077

inspections performed (2005)

Percent of vehicles placed OOS (2005) 24.0% | Annual Summary of Roadside

Percent of drivers placed OOS (2005) 7.0% | Inspections — NAFTA Safety Stats
(A&l website)

Kentucky percent of vehicles placed OOS (2005-360%) 9.5% | Kentucky Inspection Data (2005 —

Kentucky percent of drivers placed OOS (2005 — 26p17) 4.7% | Sept 2007)

Kentucky percent of vehicles or drivers placed Q@®5 — Sept 13.6%

2007)

Percent of VMT with vehicle OOS conditions (2003) 28% | 2003 National Truck Fleet Safety

Percent of VMT with driver OOS conditions (2003) 5% | Survey (TFSS) (USDOT 2006b)

Percent of inspections that found at least one @& le violation 49%

given a OOS driver violation was found
1996 National Survey (Star 1997)

Percent of VMT with brake-related OOS conditions 14%

Percent of large CMV crashes with vehicle OOS ciowlipresent 32.4% Derived from LTCCS

Percent of large CMV crashes with driver OOS cadadipresent 17.2% Derived from LTCCS

1 Full reference citations are presented in Se@io

While these data provide much of the necessarynrdton needed to estimate safety benefits,
additional data from the inspection efficiencydistudy conducted at the Laurel County
inspection station were needed to supplement ttzeidd able 6-19. Specifically, information
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on the rate at which OOS orders were issued dtaheel County station were used as well as
the calculated increase in the OOS order rate utifferent roadside enforcement scenarios.

Crash Avoidance Model

Ultimately, safety benefits will be realized ontythe extent that targeted inspections and
improved compliance translate into reductions imbars of crashes. The premise of targeted
inspections is that, for the same number of inspestperformed, additional drivers and vehicles
operating with OOS conditions will be removed frtme roadway. Furthermore, all of the
conditions leading to the OOS order will be fixealdstay fixed” for a period of time after the
inspection. Therefore, crashes that would haveroed during this period are prevented
because the OOS conditions that would have caheectdashes were eliminated. The safety
benefit of ISSES and CVISN technologies is deteaniiby comparing the number of crashes
avoided under a baseline scenario (i.e., with 8&HS or CVISN roadside enforcement
strategies and technology) with the number of @astvoided under a number of deployment
scenarios involving the ISSES and CVISN. It isuassd under each scenario that the
corresponding number of injuries and fatalitiesided are proportional to the number of crashes
avoided.

The basic principle of the crash avoidance modelyell as certain assumptions about how
roadside enforcement affects crash rates, werevatetl by research on the Safe-Miles model
developed for FMCSA to estimate the benefits of M@Sthe Motor Carrier Safety Assistance
Program (VNTSC 1999). Although the model usechanKentucky safety benefits analysis is
different from the one used in Safe-Miles, certaimdel parameters such as the number of “safe
miles” a truck travels following an OOS order, ased in this analysis. The approach to safety
benefits estimation in the Kentucky evaluation wdapted from the approach documented in
Chapter 5 of the CVISN Model Deployment InitiatiiDI) Evaluation (USDOT 2002).

In simplest terms, the number of crashes avoidadeanritten as
# CrashesAvoided=#inspectios OP(V |inspection O[P(C |V)- P(C|V)] Q)
where
* P(V|inspection)s the probability that a truck has an OOS violatyiven that it was
inspected

* P(CJ|V)is the probability of a crash given that a vehlwds an OOS violation
« P(C|V)is the probability of a crash given that a vehites not have an OOS violation.

While the number of inspections and the probabdita violation given an inspection are easily
obtained, the probability of a crash given thaehigle has an OOS condition as well as the
probability of a crash given that a vehicle doeshave an OOS condition are more complicated.

Using Bayes Theorem, we rewrP¢C|V)andP(C |V) as
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P(V|C)CP(C)

PCV=" @)
pcv)="V 'F%?P‘C) 3)

where

* P(V|C)is the probability that a vehicle has an OOS ¥iotagiven it is in a crash

* P(C)is the probability of a crash

* P(V)is the probability that a vehicle has an OOS cibordli

« P(V |C)is the probability that a vehicle does not hav@®&@s violation given it is in a
crash

P(V)is the probability that a vehicle does not havé@s condition.

Substituting the new expressions R{C|V)and P(C |V) presented in Equations (2) and (3) into

Equation (1) and performing some algebraic mantmriayields the following model for crashes
avoided:

#inspectiosL P(V [inspectiopC P(C) , P(V |C) - P(V)

# CrashesAvoided=
P(V) 1-P(V)

(4)

In this analysis, we are only concerned with craghat are avoided because they would have
been caused by a vehicle defect or driver violatiat resulted in an OOS order. Also, it is
generally assumed that the probability of a cragiroportional to the number of vehicle miles
traveled (VMT). Therefore, the probability of aash (among vehicles that would have been
operating with defects or driver violations) isiestted by the national crash rate for large trucks
(denoted by.) multiplied by the number of safe miles (SM) treaekas a result of “fixing” an

OOS condition. This is the approach used in tHe-Shles program. The values of SM used in
the Safe-Miles program are 15,000 miles for veh@(@S orders and 10,000 miles for driver
OOS orders.

Thus, the final model for crashes avoided is thievong:

#inspectiosC P(V |inspectionCSMLCA DP(\/ |C)-P(V)

# CrashesAvoided=
P(V) 1-P(V)

(5)

Equation (5) is used to estimate the safety bena$isociated with various ISSES and CVISN
deployment scenarios presented in the next secfibe. national crash rate for trucks,is
441,000 truck crashes divided by 233 billion VMT 1089 crashes per million miles traveled.

Additional data needed for this model incluig/|inspection)the probability of an OOS

violation given the truck was inspecté{V), the probability that a vehicle has an OOS
violation, andP(V|C), the probability that a vehicle has an OOS violawiven it is in a crash.
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These values depend on the particular roadsidey®eint scenario or enforcement strategy
under consideration. The LTCCS was used to esti@£|C) for various OOS violations and
groups of violations. For example, given a craéisa,probability of a specific OOS violation
(such as brakes) or a group of violations (e.chjoke or driver) present on the truck was
estimated from the LTCCS data.

6.6.2 Deployment Scenarios

Truck traffic at most inspection sites is very hgand inspectors cannot inspect every CMV
that passes by. Thus, there needs to be a souhddnéogy for narrowing down the pool of
trucks from which inspectors have to choose. Sewenall scenarios are presented in this
section, a few of which have been divided into sabnarios. The seven deployment scenarios
present different methods for selecting vehiclesrispection with the goal being to select trucks
that yield the most OOS orders. Using the crasiidance model given in Equation (5), these
scenarios illustrate the estimated safety benefiitse ISSES and other CVISN technologies.

In the CMV law enforcement community, the term Getenic screening” signifies a
transponder-based mainline preclearance systefm asudORPASS, HELP/PrePass, Oregon
Green Light, or equivalent. Such systems provigglside enforcement personnel the ability to
detect and identify and (optionally) weigh CMVsadinline speeds. For purposes of this report,
Scenarios RE-3 through RE-6 expand the definitidielectronic screening” to include other
means of achieving a similar goal, namely to usemgers and telecommunication technology
to identify and prescreen vehicles in real time Stenarios RE-3 through RE-6, ISSES or an
equivalent system is used for identifying trucksving slowly through a weigh station. The
basic function is the same as transponder-baseteprance, the only difference being the
truck’s speed at the point of decision (red lightll-in, green-light, bypass). In these four
scenarios, it is assumed that some trucks camgpander tags and some do not. Furthermore, it
is assumed that all trucks approaching the statiersubject to electronic or computer-based,
real-time prescreening—at high or low speeds—asa@io the inspector’s decision process.
These four scenarios also diverge from the usuUalitien of “electronic screening” in that, for
purposes of modeling and analysis, they introdeoeesing decision criteria that are different
from the criteria believed to be used in the pravgimainline e-screening programs or
partnerships (NORPASS, PrePass, and Oregon Grght).Li

Table 6-20 provides a high-level summary of theesescenarios presented in this section. A
more thorough description of each scenario folltvestable.
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Table 6-20. High-level overview of roadside enforoeent scenarios.

Screening Criteria Used in Scenario
Vehicle
Inspector Electronic and Driver Infrared
Experience | Screening | KY OOS | OOS Rates| Brake and Images
Scenario | Random and with Rate Using Driver and Driver
Number Only Judgment | Snapshots | Algorithm | Threshold | OOS Rates| OOS Rate
RE-0 X
RE-1 X
RE-2 X X
RE-3 X X X
RE-4 X X X
RE-5 X X X
RE-6 X X X

RE-0: Random SelectionEnforcement officers (inspectors) select CMVsifmpection in a
random manner without using personal experiencigment, or any ISSES or CVISN
technologies. This is not one of the roadside reefnent strategies being considered, nor is it a
realistic strategy to employ. However, the caltataof safety benefits under this scenario is
useful for determining the contribution of the iesfors’ knowledge and experience during the
vehicle selection process.

RE-1: Baseline—Pre-ISSES/CVISNInspectors select CMVs for inspection using peaso
experience and judgment, but without the aid oBS®r most CVISN technologies. Electronic
screening is assumed to be used at its curreritdeva June 2007. This baseline scenario is
analyzed twice. First, safety benefits are catedldbased on Kentucky vehicle and driver OOS
rates, which are significantly lower than the naéilcaverage. Then, the analysis is performed
assuming that Kentucky’s vehicle and driver OO8gatere on par with national estimates —
referred to as RE-1a.

RE-2: Mainline Electronic Screening based on ISE@&e State deploys electronic screening
with safety snapshots at all major inspection sitdstor carriers that are classified as low- and
medium-risk based on ISS scores (comprising apprataly 60 percent of trucks on the road)
enroll in the electronic screening program, ardmepd with transponders, and are allowed to
bypass inspection sites. Inspectors use curraatipes to select vehicles for inspections from
the remaining 40 percent of trucks in the high-askl insufficient data categories.

RE-3: Electronic Screening based on Kentucky OOSti&mspection Selection Algorithm.
State utilizes Kentucky OOS rate inspection sebactilgorithm at all inspection sites that utilize
electronic screening. Every vehicle that enteesitispection station is identified accurately by
the ISSES’ ALPR and USDOT readers. Safety inforomafior each carrier is obtained from the
Kentucky Clearinghouse. Based on the safety inddion, the algorithm identifies trucks for
inspection as described in Section 6.2. Inspes@iexct vehicles for inspection from this pool of
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identified trucks, while non-identified trucks conte to the mainline. Trucks with transponders
are subject to the same algorithm already buitt MORPASS.

RE-4: Electronic Screening based on high vehicleddar driver OOS rates State utilizes the
ISSES and/or electronic screening at all majorecsipn sites. This scenario is similar to RE-3
in that each truck is screened via the ISSES basele vehicle and driver OOS rate of the
carrier. However, RE-4 differs in that a threshOl@S rate is established for both vehicles and
drivers such that all trucks with OOS rates exasgtie corresponding thresholds are brought
into the inspection station for inspection, whileoghers are allowed to bypass inspection sites.
The threshold rates are chosen such that onlygrwitk the highest OOS rates are candidates
for inspection. The threshold values can vary ddpg on both the truck traffic and the rate at
which inspections can be performed at the site paks of RE-4, three specific threshold values
are considered.

RE-5: Electronic screening based on high driver O@&brake violation rates.State utilizes

the ISSES and/or electronic screening at all magpection sites. Each truck is screened via
the ISSES based on its OOS or violation rate folations that have a high relative risk for
crash. In this scenario, vehicles are screeneeblbas their brake violation and overall driver
OOS rates as they appear in SAFER. A distincBanade here between violation and OOS
rates. SAFER containsvéolation rate for brakes but not a braR®Srate. Thus, violation rates
are used as a safety index for brake issues, Wialdriver OOS rate is used to screen for driver
issues. Both brakes and driver OOS violations e found to have a high relative risk for
crashes. This scenario differs from RE-4 in thedtigles are screened on their brake violation
rate as opposed to their overall vehicle violatiate in an attempt to catch those vehicles that
have a violation that has a higher relative rigskd@ash. Similar to RE-4, all trucks with
violation rates exceeding the threshold are cameld@r inspection, while all others are allowed
to bypass inspection sites. Moreover, the threshaiks are chosen such that only trucks with
the highest rates are selected for inspection laathresholds can vary depending on the amount
of inspection personnel available at a given statids part of RE-5, three specific threshold
values are considered.

RE-6: Electronic screening based on infrared scréieg and high driver OOS violation rate.
State utilizes the ISSES at all major inspectidessi Each truck is screened via two criteria: the
thermal (IR) imaging system on the ISSES and theed©OOS rate of the carrier. In this
scenario, vehicles are screened based on the peesta brake violation through the IR image
produced by the ISSES and the driver OOS rateagspitars in SAFER. This scenario is similar
to RE-5 in that both brake and driver OOS violagiane used as screening criteria. RE-6 differs
from RE-5 in that vehicles are screened for bra@kations via IR imaging as opposed to brake
violation rates obtained from SAFER. All trucksthva potential brake violation as detected
from the IR image or trucks with driver OOS ratgseeding various thresholds are candidates
for inspection, while all others are allowed to &gp inspection sites.

RE-0 is the most basic selection process of salgethicles randomly and is presented mainly
to assess the contribution of the inspectors’ kedgé and experience during the vehicle
selection process, which is represented in thelibasscenario RE-1. The remaining five
scenarios all make use of progressively more irealselection criteria. Electronic screening is
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employed in RE-2 to eliminate all low- and mediuskrcarriers from selection consideration.
Although this scenario helps improve inspectiorstbn efficiency by allowing inspectors to
focus only on high-risk vehicles or those with ifigient data, there are still too many vehicles
remaining in these categories for roadside enfoecgrfficials to inspect them all. As a result,
scenarios RE-3 through RE-6 provide various methodsrther narrow down the number of
vehicles that inspectors have to choose from. REbased on the Kentucky OOS rate
inspection selection algorithm, which selects vigsi¢or inspection at different rates depending
on their OOS rates. RE-4 and RE-5 take a slightfgrent approach in selecting only those
vehicles with the highest probability of having tparlar kinds of OOS violations as measured
by some safety index. RE-6 examines the benefimmR imaging is used to screen for brake
violations.

The calculation of safety benefits for scenarios@RiErough RE-3 are presented in Section
6.6.2. They are straightforward, based on Equdbynspecific inputs contained in Table 6-19,
as well as results from the inspection efficienoglgsis of the Laurel County site. Scenarios
RE-4, RE-5, and RE-6 are more complicated and hemee information is provided in this
section in advance of the results presentatioresti&n 6.6.2.

RE-4 and RE-5: Methodology for Selecting Vehiaesrfspection Based on Safety Index

The inspection selection strategy described ingbdion is based on the notion of selecting
trucks for inspection based on the value of sofetysandex associated with the carrier. Any
truck with a safety index above a given threshotdidd be pulled in for inspection while all
other trucks would be allowed to bypass the statibime two main issues considered in this
section are: 1) Determining the most appropriatetgandex; and 2) Determining the threshold
value for this index that should be used to dewiieh vehicles to inspect.

Choice of Safety Indextrom an inspection efficiency standpoint, the lobsice for a safety
index is one that correlates well with the prokgbdf finding an OOS violation on a vehicle
chosen for inspection. Further, from a crash préea standpoint, the OOS violations found
should be for violations that pose a high relatigk for crashes. Both viewpoints were used in
choosing safety indices. The first set of indicessidered in this analysis was the carrier’s
vehicle and driver OOS rate. Results from theeesipn efficiency analysis in Section 6.5
suggest that screening vehicles using carrier G ias opposed to ISS may provide a larger
percentage of trucks being placed OOS. As a restéhario RE-4 focuses on using the carrier’s
driver and vehicle OOS rate to select vehiclesrfspection.

Finding OOS violations during an inspection is @uto keeping unsafe trucks off the road so
that crashes can be prevented. Moreover, a latgaber of crashes could be avoided by finding
those OOS violations that have a higher relatiasitrrisk. While taking trucks OOS for
violations that do not pose a high crash risk seavbenefit, more benefits from a crash
reduction and life saving perspective can be redllzy focusing on violations related to crash
risk. Data from the LTCCS were used to identifygl OOS violations that present a high
relative crash risk. Every truck involved in agtrawithin the LTCCS was subject to a full

Level | inspection as part of the investigatioreath crash. For every truck in the LTCCS that
was assigned the critical reason for the craspgittgon reports contained in the LTCCS data
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were analyzed to record the presence of each fyP©& violation. From this information, the
probability of a specific type of OOS violation hgipresent on a truck given that the truck
crashed could be calculated by dividing the nunabé&rucks having the violation present by the
total number of trucks in a crash. Survey weiglsisociated with the LTCCS were used in these
calculations to ensure nationally representatiadability estimates.

It is also important to identify OOS violations tleeccur frequently in the population. A
violation that has a high relative risk for crash that does not appear all that often is not of
much use to inspectors because trucks with thétion are too difficult to find. Historical
Kentucky inspection data were analyzed to iderkifymost common OOS violations. For each
inspection record, the presence of specific OO&tans was recorded. The probability of a
truck having each specific OOS violation was calted by dividing the number of inspections
where the OOS violation was present divided byttte@ number of inspections.

Table 6-21 presents the probability calculationdbfath the crash data and the historical
Kentucky inspection data for vehicle and driver O@&ations overall as well as six specific
types of OOS violations. These six violations watesen as they were the most frequently
occurring violations in both the LTCCS crash datavall as the historical state inspections. The
second column presents the probability that a thaska specific violation given the truck was in
a crash. The third column contains the probahitigt a truck has a specific violation in the
population based on the Kentucky historical inspeateports. The assumption here is that past
inspections have been random. Now, past inspectosnot truly random. However,

inspection reports provide the best means of kngwhe incidence of OOS violations in the
population. Moreover, Table 6-12 showed that tialoer of OOS orders issued under current
Kentucky inspection selection practices was esaiynthe same if trucks were selected
randomly. Thus, the assumption is appropriatehfieranalysis.

Table 6-21. Probabilities of certain OOS violatios occurring among vehicles involved in a crash
and among the general population of trucks.

Probability of Violation Occurring
OOS Violation In a Crash In KY (Past
Categories (LTCCS) Inspection Data)
All Vehicle 32.4% 9.5%
Brake Violation 21.7% 4.4%
Lighting 3.6% 2.3%
Tires 2.9% 1.5%
Load Securement 4.0% 1.5%
All Driver 17.2% 4.7%
Log Book 12.3% 2.3%
Hours of Service 1.6% 1.3%
All Violations 38.72% 13.6%

An examination of vehicle violations shows thatgbly 22 percent of trucks involved in crashes
have a brake violation as compared to only 4 pé¢ricethe Kentucky truck population.
Lighting, tires, and load securement all occurhgligmore frequently in crashes than in the
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general Kentucky truck traffic population. Howewvere differences are not as large as brake
violations. Driver OOS violations in general haldigh relative risk for crash. About 17 percent
of trucks involved in crashes have some sort afedlfOOS violation as compared to about 5
percent in the Kentucky truck population. Alsoalysis of crash data from the LTCCS found
that driver related factors were important readeading to causes of crashes in a large majority
of the cases (USDOT 2006a). As a result, veheteselected for inspection in scenario RE-5
based on their likelihood of having a brake viaator general driver OOS violation. Although
violations involving the log book have the highesative risk among driver OOS violations, it
was decided to use the more general driver OO&tiool rate as opposed to the log book
violation rate as an index since the relative crasts for both measures were similar and since
this would better reflect the LTCCS findings regagdgeneral driver-related factors and crash
risk. The carrier’s driver OOS rates were obtaifteth the Kentucky Clearinghouse.

The SAFER carrier table does not include a brak& @dde for each carrier. Rather, a brake
violation rate can be calculated from informati@mtined in the table. The brake violation rate
is defined as the number of brake violations ingast 30 months divided by the number of
vehicle inspections in the past 30 months. Nobke violations result in an OOS order. Thus,
the brake violation rate for each carrier is assed with a probability of a brake OOS rate in the
next section. In summary, the brake violation eatd driver OOS violation rate are used as
indices in selecting vehicles for inspection in REThe driver OOS violation rate is also used
as an index in scenario RE-6, described in greggtiil later in this section.

Choice of Index Threshold for Pulling Vehiclesan lihspection.For each safety index used in
scenarios RE-4 and RE-5, the next step was tordetera threshold by which any vehicle with a
safety index at or above the threshold are brougtar inspection while all vehicles with a
safety index below the threshold are allowed taicoe on the mainline. The value of the
threshold can neither be so high that very fewkisuan the road are brought in for inspection nor
can it be too low, which would result in more traddeing flagged for inspection than roadside
enforcement resources can handle. Moreover, thppate value for the index threshold
should be dependent on the number of inspectoikabieat a given inspection site.
Consequently, scenarios RE-4 and RE-5 considee thfeerent threshold values for each index,
corresponding to the number of trucks that an icispe station could realistically inspect in a
given day given its roadside enforcement resources.

Historical Kentucky state inspections were usededi@rmine the specific threshold values for a
given index. The various indices (driver OOS rathicle OOS rate, and brake violation rate)
for each truck inspected from January 2005 thrdbgghtember 2007 were recorded. For each
index, the values of the index were sorted from fowigh and the resulting distribution of
values was examined so that th&" 980", and 75' percentiles of the distribution were obtained.
The 98" percentile of the index distribution is the valueere 5% of the trucks meet or exceed
that value of the threshold. Since the index v&akre sorted from low to high, this index value
represents the cutoff point for the 5% of truck#wihe highest index value. For example, an
inspection station with truck traffic of 2,000 tkscper day during normal inspection hours
would expect to have about 100 trucks availablérfspection if the 95 percentile of the index
distribution was used. Using the"™®percentile would result in about 200 trucks av#éeor
inspection.
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To use Equation (5) to estimate the number of es#hmat would be prevented under these
scenarios, it is essential to know the probabditg violation given that an inspection occurred
for vehicles at or above the index threshold,,[RP€V|inspection)]. In order to obtain this
probability, it is necessary to understand theti@iahip between the safety index of the truck
and the presence of the specific OOS violationhertiiuck given an inspection. Each safety
index relates to a specific type of OOS order. iRstance, a carrier’s brake violation rate should
be a good predictor that a truck belonging to taatier has an OOS brake violation. Similarly a
carrier’s vehicle and driver OOS rate was used¢dlipt the presence of a vehicle or driver OOS
violation, respectively.

To gain a better understanding of the relationbleipveen each index and its corresponding OOS
violation, a probit regression model was used taehthe probability of an inspection having a
specific OOS violation against the safety indexolt analysis is a standard statistical approach
to modeling a probability as a function of sometoarous explanatory variable. The probit
model has the form:

probit(p, )=¢™(p)) =5, + Bi(%) (6)
where
I = 1, 2,3, ... corresponding to the total numdfeistinct values of the index
P, is the ratio of the number of historical Kentuékgpections that resulted in a

specific OOS violation to the number of inspectiantin each index value
g s the inverse of the standard Gaussian distobuftinction
B, is the intercept parameter of the probit regresBiee
B is the slope parameter of the probit regression li
X Is the safety index.

Figure 6-6 shows the general form of a probit regian relationship. Given a threshold vatye
the corresponding probability of an OOS violatiarhet threshold value can be calculated from
the probit regression model.
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Figure 6-6. Probit relationship between safety inex and the probability of an OOS violation.

Historical Kentucky inspection data was modelechsafely for each of the three indices using
the probit model in Equation (6). The probit mofieleach index was then used to estimate the
probability of a corresponding OOS violation givaaminspection for each of the three threshold
safety index values corresponding to the top 5qrerd 0 percent, or 25 percent of the
distribution of the safety index. These probaieiitwere then used in Equation (5) to capture
safety benefits for scenarios RE-4 and RE-5.

RE-6: Methodology for Selecting Vehicles basedndrated Imaging

Roadside scenario RE-6 is similar to RE-5 in th&dguses on identifying vehicles that have
brake and/or driver OOS violations (violations wiitigh relative crash risk). As in RE-5, the
driver OOS rate associated with the truck’s catigarsed to identify those trucks with a high
probability of a driver OOS violation. Thresholdlves for the driver OOS rate are again used to
select an appropriate number of vehicles to bmg the station for inspection. Where RE-6
differs from RE-5 is the manner in which trucks segected for inspection based on their
chances of having a brake violation. Brake prolslame difficult to detect with the human eye
alone. As a result, alternative techniques nedxttadopted to identify trucks with faulty or
inoperative brakes. Scenario RE-5 utilizes hisarbrake safety information on each carrier to
identify trucks that were the most likely to havake problems. There are limitations to this
approach. For example, the presence of a higrecénake violation rate does not guarantee
that the specific truck operated by that carriet aow entering the station has a brake violation,
just that this truck is more likely to have suctoadition, based on the carrier’s history.
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Thermal (IR) imaging systems provide inspectordaitool to more accurately identify trucks
with brake violations. This coupled with the fétat there is a high relative risk of a crash
associated with brake violations, makes the presdang of vehicles using IR technology a
powerful tool that may provide significant benefitscrash reduction. Unfortunately, because of
the lack of IR video imaging data from the fielddy at Laurel County, the benefit of the ISSES
thermal imaging system in terms of inspection &ficy and safety benefits cannot be fully
assessed for this particular site. However, paeearch was conducted in 2000 for FMCSA on
evaluating a similar, portable IR imaging and vigeeckage, IRISystem (USDOT 2000).

Results from the 2000 study are used to estimatauimber of crashes, injuries, and fatalities
that could be avoided if IR technology were usedd®en vehicles.

The objective of the FMCSA 2000 study was to evi@ule effectiveness of the IRISystem for
use as a screening tool on CMVs for detecting waklds and unsafe vehicles due to braking. A
high-level summary of the research and findingsluiding the increase in OOS rates due to
screening vehicles with IR technology, is presemeflppendix D to provide an understanding
of the quantifiable benefits that can be realizgdugh use of this technology. However, the key
result from this analysis that pertains to scenRifie6 is that the percentage of vehicles placed
OOS due to brake violations after IRISystem scregmias 47.2%. This figure is used as an
estimate for the probability of a brake violatiamem that an inspection occurred,
[P(V]Inspection)], in Equation (5).

Although they are manufactured by the same compheyRISystem and ISSES are two
different systems. Furthermore, inspection prastiend OOS rates vary across states with
Kentucky’s OOS rate being much lower as descritzetiee. As such, the estimates of the
number of crashes, injuries, and fatalities gereer&iom this exercise provide a general idea of
the safety benefits that could be realized usintefRnology to screen trucks for brake and tire-
related violations and not necessarily the ISSE&fit

6.6.3 Results

In this section the calculations of the numberswék crashes, injuries, and fatalities avoided
under each of the roadside enforcement scenargesibded in Section 6.6.1 are presented.
These calculations, based on Equation (5), utiipats contained in Table 6-19 as well as
specific assumptions defined by the scenarios.ulBegom special studies are presented as
needed to justify some of the parameter estimated in these models. The safety benefits are
expressed in terms of avoided (reduced numbersaghes, injuries, and fatalities per year per
state, for a state similar to Kentucky in termsha numbers of commercial vehicle inspections
performed per year.

Scenario RE-0: Random Selection

In 2005, the most recent year for which completa daross all sources are available, Kentucky
conducted 44,142 vehicle inspections and 86,02&dmspections. Under random inspections,
the proportions of inspected vehicles and drivieas &re given OOS orders are equal to
corresponding Federal Motor Carrier Safety Regote(FMCSR) violation rates. Thus, by
applying the results from the National Truck FiSefety Survey, 28 percent of the 44,142
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vehicle inspections would result in vehicle OOSersd(USDOT 2006b). From Equation (5), the
number of crashes that are avoided due to vehi€@8 @rders when random inspections are
performed is equal to

44142C (028) [15000C (189/1000000) 0.3238- 028 _
028 (1- 029

76 (7)

Similarly, 5 percent of the 86,028 driver inspent would have resulted in driver OOS order
leading to

86,028L (005) C10,000C (189/1000000) 0.1724- 005

=209 (8)

005 (L- 005
crashes avoided. Note that these two numbers taeredded to get the total number of crashes
avoided because there is some overlap in vehidelaaer OOS orders. To get an estimate of
the total number of crashes avoided, the TFSS folaid49 percent of the inspections that found
at least one driver OOS violation also found asteae vehicle OOS violation (FMCSA 2006b).
Because the impact of vehicle OOS orders is grélader the impact of driver OOS orders, the
number of crashes avoided combined over vehicledarndr OOS orders can be determined by
adding (a) the number of crashes avoided due ticlee®OS orders and (b) 51 percent of the
crashes avoided due to driver OOS orders. Thadptial number of crashes avoided would be
76 + (0.51*209) = 183.

Using the injury and fatality data in Table 6-19eite are on average 5,212/441,000 = 0.012
fatalities per crash and 114,000/441,000 = 0.2h8ias per crash. Therefore, if 183 crashes
were avoided, it would be expected that 183*0.2% snjuries would be avoided and
183*0.012 = 2 fatalities would be avoided. Thiktienship between the numbers of crashes,
injuries, and fatalities is assumed to hold forsaknarios.

Scenario RE-1: Baseline—Pre-ISSES/CVISN Usingu€entOOS Rates

The calculation of crashes avoided in the basale®ario is very similar to the calculation with
random selection of vehicles, except instead ofyapypthe results from the TFSS, the actual
numbers of OOS orders for vehicles and driversentkicky are used. From January 2005
through mid-September, 2007, 9.5 percent of théclemspections in Kentucky resulted in a
vehicle OOS order, and 4.7 percent of the drivepéttions in Kentucky resulted in a driver
OOS order. In this scenario (and all that follotkg probability of a vehicle and driver OOS
violation in a crash as well as in the general pajoon are based on national estimates. This is
because: (1) crash probabilities were not availabla state basis from the LTCCS; and (2)
reliable estimates of the probability of a violatim the truck population were not possible from
Kentucky data due to their significantly lower O@ftes.

Following the approach used with random select®B percent of the 44,142 inspections would

result in vehicle OOS orders. From Equation (%@, predicted number of crashes avoided due to
vehicle OOS orders is equal to
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44142 (0.095 [15000C (1.89/1,000000) D0.3238— 028 _ 26

028 (1- 029 ®)

Similarly, 4.7 percent of 86,028 driver inspectiovsuld result in a driver OOS order leading to

86,028L (0.047) L10,000LC (1.89/1,000,000 D0.1724— 005

=197 (10)
005 (1- 005

crashes avoided.

Applying the 51 percent adjustment factor used unailedom selection, the estimated number of
crashes avoided is 26 + 0.51*197 = 126. The cpargding numbers of injuries and fatalities
avoided are 33 and 2, respectively.

Note that the number of crashes avoided due to @@&s under this scenario is less than the
number avoided under the random selection sce(E8®versus 126). This is because the
Kentucky vehicle OOS rate used in the calculatiab percent) is significantly lower than the
violation rate under the random selection scen@&opercent) estimated in the TFSS. Overall,
Figure 6-7 illustrates that Kentucky’s vehicle ahtver OOS rates are both lower than their
respective national averages as well as being lthveer the rates for each of the three states
where similar field studies were conducted as giittie National Evaluation of the CVISN
Deployment Program. Although there are differenndsoth vehicle and driver OOS rates, the
difference in vehicle OOS rates is more pronouncHae Kentucky driver OOS rate of 4.7
percent is only slightly lower than both the 5 marcrate from the TFSS and the 7 percent rate
estimated from the 2005 NAFTA summary (USDOT 2005hl state OOS rates were
calculated based on data received on past inspedtiom the respective states. A cross-
reference of these rates was performed with thear®OS rates published by NAFTA on the
FMCSA'’s A&l website to ensure accuracy. OOS rdites this website were consistent with
rates calculated from the state past inspectioa. dat

This lower vehicle OOS rate for Kentucky could e do many factors. First, trucks traveling
in Kentucky may be safer compared to those tragetirother states due to Kentucky laws and
regulations. However, Figure 6-5 presented iniSe@.4.2 illustrated that—based on data
collected from the Kentucky observational fielddstand SAFER—Kentucky’s safety risk, as
defined by ISS score, was similar to that of thiamal truck population.

A second explanation could be that there may Heréifit inspection selection priorities or
differences in truck traffic during scheduled versandomly selected times. As noted above, a
representative of the KTC acknowledged that Kentisc®OS rates are below the national
average and that FMCSA and the Commissioner of Ks¥#e identified this as a priority.
Another representative of the KTC commented thatedtudgets and manpower levels currently
do not allow for an office support assistant atheaspection station to prescreen vehicles using
the Kentucky OOS rate inspection selection algorittAnecdotally, Kentucky has performed
internal studies that showed a significant increaghe rate of OOS orders issued when office
support assistants prescreen vehicles as oppos@ddtons where inspectors select trucks on
their own.
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Figure 6-7. Vehicle and driver OOS rates for the ation and various states participating in
Kentucky CVSA and national CVISN deployment evaluaions

Scenario RE-1a examines the number of crashese/di&entucky’s vehicle and driver OOS
rates were on par with national estimates. Irésented here to illustrate the increase in the
number of crashes, injuries, and fatalities avoifl€DS rates in Kentucky were higher.
However, for purposes of this crash avoidance arglgcenario RE-1 (using Kentucky’s current
OOS rates) serves as the baseline when compasunljg@cross scenarios.

Scenario RE-1a: Pre-ISSES/CVISN Using National ®ates

The calculation of crashes avoided in this scenan@ry similar to the previous calculation,
except that national OOS rates for vehicle andedsibased on actual inspections are used.

Using national OOS estimates from 2005, 24 peroktite 44,142 vehicle inspections would
result in OOS orders. From Equation (5), the mtedi number of crashes avoided due to vehicle
OOS orders is equal to

44142* (024) L15000C (189/1000000) 0.3238- 028 _
028 (1- 029

(11)

Similarly, 7 percent of 86,028 driver inspectionsuld result in an OOS order leading to

86,028L (007) L10,000L (189/1000000) _0.1724~ 005
005 (1- 005)

=293 (12)
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crashes avoided.

Applying the 51 percent adjustment factor used unaigdom selection, the estimated number of
crashes avoided is 65 + 0.51*293 = 214. The cpomrding numbers of injuries and fatalities
avoided are 55 and 3, respectively.

As expected, the number of crashes, injuries, atadities prevented would be larger under this
scenario, which brings Kentucky’s OOS rates mornim with national averages. Also, the
estimated number of crashes avoided under normal§SES/CVISN) inspection practices is
about 17 percent higher (214 versus 183) thanuhgber that would be avoided under random
selection of vehicles.

Scenario RE-2: Mainline Electronic Screening BasedSS Score

Currently, 32 states use some form of mainlinetede@c screening as part of their roadside
enforcement. However, even in these states, cami®llment in electronic screening is not
sufficient to demonstrate any significant impaatgioe inspection selection process. Therefore,
to illustrate what could happen, the impact of ggtectronic screening was simulated using
results from the field study at the Laurel Courttisn. An analysis was performed under the
scenario that: (1) Kentucky deploys electronic eoneg at all major inspection sites; and (2) all
of the motor carriers with ISS ratings in the laav-medium-risk categories (representing
approximately 60 percent of all trucks) choosertm#k in the electronic screening program.

Under this scenario, enforcement officials couldade to let the low- and medium-risk vehicles
bypass the inspection site and focus all of thigares on inspecting high-risk carriers and
carriers with insufficient safety data. It is assd that current inspection methods involving
manual pre-screening (i.e., visual inspection asgeéctor experience/judgment) are used, as in
scenario RE-1, on the 40 percent of trucks thahateallowed to bypass the inspection site.
Section 6.5.2 presented an analysis demonstrdtatgunder this scenario, the number of OOS
orders would increase by 50 percent compared tavheage number that would be achieved
under current inspection practices. It is assuthatlithe 50-percent increase in OOS orders
would apply equally to vehicle OOS orders and dr@@®S orders, therefore translating into a
50-percent increase in the number of crashes adoide

From here, the calculation of the numbers of crasimguries, and fatalities avoided under
scenario RE-2 is straightforward. With a 50 petdéecrease in OOS orders, the number of
crashes that can be avoided under RE-2 is 1.5@%129. This represents an increase of 63
crashes avoided compared to the baseline scentn® corresponding number of injuries
avoided is 49 (a difference of 16), and the nundbeleaths avoided is 2 (no change from RE-1).

Scenario RE-3: Electronic Screening based on Kéyt@OS Rate Inspection Selection
Algorithm

To illustrate what could happen if the Kentucky OR&e Inspection Selection Algorithm were

utilized at all Kentucky inspection sites, an as@ywas performed under the scenario that: (1)
the ISSES is able to accurately identify each tthek traversed the station; (2) the ISSES is
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linked with the Kentucky Clearinghouse so that¢haier’s vehicle and driver OOS rates could
be obtained; and (3) the algorithm is applied nidy trucks for possible inspection. In this
scenario, those trucks with transponders are sutgeébe same algorithm already built into
NORPASS as it is programmed to function in Kentucky

Under this scenario, enforcement officials wouldlydye concerned with trucks that were
selected for possible inspection while other truekse allowed to continue back to the mainline.
In most cases, the number of trucks identifiedngydlgorithm are too large for all of them to be
inspected. As a result, enforcement officials wiaaglect vehicles to inspect from this pool of
kicked out trucks.

Table 6-17 in Section 6.5.2 presented an analysisodistrating that, under this scenario, the
number of OOS orders would increase by 80 peraampared to the average number that would
be achieved under scenario RE-1. It is assumedhba0-percent increase in OOS orders
would apply equally to vehicle OOS orders and dr@®S orders, therefore translating into an
80-percent increase in the number of crashes adoitith an 80-percent increase in OOS
orders, the number of crashes that can be avoida@erlRE-3 is 1.80 * 126=227. This represents
an increase of 101 crashes avoided compared tmagedine scenario. The corresponding
number of injuries avoided is 59 (a difference 6f,2and the number of deaths avoided is 3 (a
difference of 1).

Scenario RE-4: Electronic Screening based on hajhcle and/or driver OOS rates

In this scenario, the state utilizes the ISSES@melectronic screening to screen all vehicles
based on the vehicle and driver OOS rates of theeca This scenario is based on the premise
that only trucks with the highest OOS rates aralickates for inspection while other vehicles are
allowed to continue on the mainline.

Table 6-22 shows the three levels of thresholdesfor both the vehicle and driver OOS rate
safety index. These trucks inspected during tBi§-Bnonth timeframe were used as a proxy for
the truck traffic population in Kentucky. The higireshold for the vehicle OOS rate index is
50%. This means that roughly 5% of the truck icdifas a vehicle OOS rate at or above 50%.
The high threshold level would be used to pullmydhe top 5% of vehicles in situations where
a smaller number of inspectors were on duty. Iferinspectors are available, a lower threshold
can be used to pull more trucks into the statibhe medium and low threshold values for the
vehicle OOS rate safety index are 38.1% and 25t88pectively. The high, medium, and low
thresholds for driver OOS rates are 22.2%, 16.7%,18.7%, respectively.

Table 6-22. Vehicle and driver OOS rate thresholdalues calculated from Kentucky inspections
from January 2005 through mid-September 2007.

Safety Index Threshold

Percent Selected | Carrier's Vehicle | Carrier's Driver
for Inspection OO0S Rate OOS Rate
5% 50.0% 22.2%
10% 38.1% 16.7%
25% 25.0% 10.7%
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To use Equation (5) to estimate the number of emdmat would be prevented, a probit
regression model was used to estimate the protyabilan OOS violation among vehicles at or
above each value of the index threshold. This godiby represents the term P(V|Inspection) in
Equation (5), namely the probability of finding @®S violation given the truck was inspected
with an index value above the threshold. By plagghe three threshold rates into the equation
and solving foip, the probability of a violation given an inspectican be calculated for each
level of the safety index. These probabilities@@vided in Table 6-23 alongside the threshold
values.

Table 6-23. Vehicle and driver OOS rate thresholdalues along with corresponding probabilities
of an OOS violation calculated from Kentucky inspetions from January 2005 through mid-
September 2007.

Percent Selected Carrier Vehicle OOS Rate Carrier Driver OOS Rate
for Inspection Threshold P(V|Inspection) Threshold P(V|Inspection)
5% 50.0% 0.26 22.2% 0.11
10% 38.1% 0.17 16.7% 0.08
25% 25.0% 0.10 10.7% 0.05

From Equation (5), the number of crashes thatapalad due to vehicle OOS orders when the
highest 5 percent of trucks in terms of vehicle Q@® are brought into the station for
inspection is equal to

44142 (026) C15000L (189/1000000) 0.3238- 028 _ .,
028 (1- 028

(13)

Similarly, 11 percent of the 86,028 driver inspewt would result in an OOS order leading to

86,028L (019 [10,000C (189/1,000000) _0.1724- 005
005 (1- 005

=461 (14)
crashes avoided.

Applying the 51 percent adjustment factor used utitke other scenarios, the estimated number
of crashes avoided is 71 + 0.51*461 = 306. Theesponding numbers of injuries and fatalities
avoided are 79 and 4, respectively.

The calculation for the number of crashes avoidgdgithe medium (top 10 percent) and low

(top 25 percent) threshold values is similar andshown. Rather, the number of crashes,
injuries and fatalities avoided under all threeesiinold levels is presented in Table 6-24.
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Table 6-24. Number of crashes, injuries, and fatéles avoided under scenario RE-4.

Percent Selected for Number of Safety Events
Inspection Crashes Injuries Fatalities
5% 306 79 4
10% 217 56 3
25% 134 35 2

As expected, the results for scenario RE-4 (abamd)for scenarios RE-5 and RE-6 (presented
below) indicate that the higher the threshold vdtrehe safety index (i.e., with fewer but
higher-risk trucks chosen for inspection), the moashes, injuries, and fatalities can be avoided
as a result of inspecting the same number of trutfka state has a low volume of truck traffic or
extra inspectors available at a given site, howesféicials might choose a lower threshold (e.qg.,
top 10 percent or top 25 percent) to increasedtad humber of trucks available for inspection.
The lower thresholds (10 percent and 25 perceatslaown partly to illustrate the effects of a
state choosing to calibrate its threshold to bettatch the volume of truck traffic and the
available inspection resources at a given sitg.ekample, suppose an inspection site sees 2,000
trucks per day traverse the station during normspeéction hours. If the highest threshold value
(5 percent) is used, about 100 trucks would besdublut for inspection per day. Assume for
purposes of illustration that 100 trucks is a ndrmadume of daily inspections at that station. If
the state were to assign extra inspectors to taabs, they might be underutilized if only 100
trucks were pulled in for inspection. In this casenight be advantageous for the state to use a
lower threshold level in an effort to inspect mtvan 100 trucks per day. More total inspections
would be performed, compared to the number usiadgtpercent threshold value. As noted, the
figures in Table 6-24 show the safety benefits el based on a constant number of
inspections (i.e., those performed statewide int&ky in 2005). If a state has the resources to
inspect more trucks, even under a lower thresheldl) the relative safety benefits would be
expected to rise. Such benefits, however, werguantified in this analysis.

The high threshold level represents an incread80fcrashes avoided compared to the baseline
scenario (RE-1). Also, about 46 more injuries amdore fatalities are avoided under this
scenario.

Scenario RE-5: Electronic screening based on higved or brake violation rate

This scenario is similar to RE-4 in that the staikzes the ISSES and/or electronic screening to
screen all vehicles at all major inspection sitesdal on a safety index. This scenario differs
from RE-4 in that vehicles are screened on theikéwiolation rate as opposed to their overall
vehicle OOS rate in an attempt to catch those leshibat have a violation that has a higher
relative risk for crash. Brake violation rates defined as the number of brake violations for the
carrier in the past 30 months divided by the nunabferehicle inspections in the past 30 months.

Table 6-25 shows the three levels of thresholdegfor both the brake violation rate and driver
OOS rate safety index. The high threshold forttake violation rate index is 1.07. This means
that roughly 5 percent of the truck traffic hasrale violation rate at or above 1.07. The high
threshold level would be used to pull in only tbp & percent of vehicles in situations where a
smaller number of inspectors were on duty. If ninspectors are available, a lower threshold
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can be used to pull more trucks into the statibhe medium and low threshold values for the
brake violation rate safety index are 0.81 and (r&pectively. Note that the thresholds for the
driver OOS rate are the same as in RE-4.

Table 6-25. Brake violation and driver OOS rate theshold values calculated from Kentucky
inspections from January 2005 through mid-Septembe2007.

Safety Index Threshold
Percent Selected | Brake Violation
for Inspection Rate Driver OOS Rate
5% 1.07 22.2%
10% 0.81 16.7%
25% 0.50 10.7%

To use Equation (5) to estimate the number of emdmat would be prevented, a probit
regression model was used to estimate the protyabilan OOS violation among vehicles at or
above each value of the index threshold. This godiby represents the term P(V|Inspection) in
Equation (5). By plugging the three thresholdsatgo the equation and solving farthe
probability of a brake-related OOS violation giveaminspection can be calculated for each level
of brake violation rate. These brake-related phdhiges are provided in Table 6-26 along with
the probabilities associated with the driver OO® madex originally presented in RE-4.

Table 6-26. Brake violation and driver OOS rate theshold values along with corresponding
probabilities of a brake-related or driver OOS violation calculated from Kentucky inspections from
January 2005 through mid-September 2007.

Percent Selected Brake Violation Rate Driver OOS Rate
for Inspection Threshold P(V|Inspection) Threshold P(V|Inspection)
5% 1.07 0.14 22.2% 0.11
10% 0.81 0.11 16.7% 0.08
25% 0.50 0.07 10.7% 0.05

From Equation (5), the number of crashes thatapalad due to brake-related OOS orders
when the highest 5 percent of trucks in terms akéiolation rate are brought into the station
for inspection is equal to

44142 * (014)C15000C (189/100000Q) | 0.2172- 014 _
014 (1- 014)

112 (15)

This estimated number of crashes avoided is coaseev The calculation is based in part on
the probability of finding a brake-related OOS citiod in the population. According to the
National Fleet Safety Study (NFSS) performed in6,99 percent of VMT are with brake-
related OOS conditions (Star 1997). In realityjrepector is going to place a truck OOS if any
vehicle OOS violation is found, not just a brakkated one. Thus, the numbers of crashes,
injuries, and fatalities reported under scenarie®Rite conservative.

Eleven percent of the 86,028 driver inspectionsldioesult in a driver OOS order leading to
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86,028L (011 L10,000C (189/1,000000) _0.1724- 005
005 (1- 005

=461 (16)
crashes avoided.

Note that these two numbers cannot be added tingédtal number of crashes avoided because
there is some overlap in brake and driver OOS erdés reported in RE-0, the TFSS found that
49 percent of the inspections that found at leastdriver OOS violation also found at least one
vehicle OOS violation (USDOT 2006b). Furthermdhe study found that brake OOS

violations represent 42 percent of all vehicle O@fbations. As a result, about 21 percent
(0.49*0.42) of the inspections that found at leas driver OOS violation also found at least one
brake OOS violation. Because the impact of brakS@rders is greater than the impact of
driver OOS orders, the number of crashes avoidatbated over brake-related and driver OOS
orders can be determined by adding (a) the nunmt@ashes avoided due to brake-related OOS
orders and (b) 79 percent of the crashes avoidedaldriver OOS orders. Thus, the total
number of crashes avoided annually in Kentucky wdnd 112 + (0.79*461) = 476. The
corresponding numbers of injuries and fatalitiesid®ed are 123 and 6, respectively.

The calculation for the number of crashes avoidgdgithe medium (top 10 percent) and low
(top 25 percent) threshold values is similar andshown. Rather, the number of crashes,
injuries and fatalities avoided under all threeesiinold levels is presented in Table 6-27.

Table 6-27. Number of crashes, injuries, and fatdles avoided under scenario RE-5

Percent Selected for Number of Safety Events Avoided
Inspection Crashes Injuries Fatalities
5% 476 123 6
10% 353 91 4
25% 221 57 3

As described above for RE-4, the results for RBebdate that the higher the threshold value for
the safety index, the more crashes, injuries, atalifies can be avoided as a result of inspecting
the same number of trucks with higher violatiorO@S rates.

The high threshold level represents an increa8®0fcrashes avoided compared to the baseline
scenario. Also, about 90 more injuries and 4 nfiataities are avoided under this scenario.

RE-6: Electronic screening based on infrared scinegmand high driver OOS Violation Rate

Roadside scenario RE-6 is similar to RE-5 in th&dguses on identifying vehicles that have
brake and/or driver OOS violations (violations wiiigh relative crash risk). Where RE-6
differs from RE-5 is that brake violations are sered via IR technology rather than the carrier’s
brake violation rate. Prior research conducte2ld@0 for FMCSA on evaluating an IR imaging
and video package, IRISystem, found that the péagenof vehicles placed OOS due to brake
violations after IRISystem screening was 47.2%is Tigure is used as an estimate for the
probability of a brake violation given that an iesfion occurred, [P(V|Inspection)].
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From Equation (5), the number of crashes thataselad due to brake OOS violations when the
thermal imaging system is used to select vehidesmEpection is equal to

44142* (0.472 [15000C (189/1000000) 0.2172- 014 _
014 (1- 014)

379 (17)

This estimated number of crashes avoided is coaseev The calculation is based in part on
the probability of finding a brake-related OOS citiod in the population. In reality, an
inspector is going to place a truck OOS if any geeEhOOS violation is found, not just a brake-
related one. Thus, the numbers of crashes, isjuaied fatalities reported under scenario RE-6
are conservative.

The number of crashes that are avoided due tordd@sS violations when the highest 5 percent

of trucks in terms of driver OOS rate are brougii ithe station for inspection is equal to

86,028L (019 [10,000C (189/1,000000) _0.1724- 005
005 (1- 005)

= 476 (18)

Applying the 79 percent adjustment factor used3R the estimated number of crashes
avoided is 379 + 0.79*476 = 755. The correspondungpbers of injuries and fatalities avoided
are 196 and 9, respectively.

The calculation for the number of crashes avoidgdgithe medium (top 10 percent) and low
(top 25 percent) threshold values for the driverS0@te index is similar and not shown. Rather,
the number of crashes, injuries, and fatalitiesdaa under all three threshold levels is presented
in Table 6-28. While the driver OOS rate threshadidnge for each of the high, medium, and
low, levels, the brake OOS rate of 47.2% when uftechnology remains unchanged.

Table 6-28. Number of crashes, injuries, and fatdles avoided under scenario RE-6.

Threshold Level for Number of Safety Events Avoided
Driver OOS Rate Crashes Injuries Fatalities
High (Top 5%) 755 196 9
Medium (Top 10%) 644 167 8
Low (Top 25%) 544 141 7

Using the high threshold level for driver OOS nagpresents an increase of 629 crashes avoided
compared to the baseline scenario. Also, aboutd@® injuries and 7 more fatalities are
avoided under this scenario.

As discussed above for RE-4, the results for REd&cate that the higher the threshold value for

the safety index, the more crashes, injuries, atalifies can be avoided as a result of inspecting
the same number of trucks with higher values ofstifety index.
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6.6.4 Summary of Results

Table 6-29 summarizes the major results of thistgddenefits analysisAccording to the

model, current roadside enforcement strategiesR&te responsible for avoiding 126 truck-
related crashes, which represents about 4.4 peotéme 2,853 crashes in Kentucky that occur
annually, based on 2005 crash statistics. Furtheanit is estimated that current roadside
enforcement activities are responsible for preven83 injuries and 2 deaths. The safety
benefits realized increases with each scenario Rite2igh RE-6. The maximum benefit is
achieved with RE-6, where 755 crashes are avoidée top 5 percent of vehicles in terms of
driver OOS violations are inspected in conjunctidth IR screening. This implies that about 26
percent of Kentucky's 2,853 annual truck-relateaisbes could be avoided under RE-6. In
reality, this figure is an overestimate, becaug®nal crash rates were used in the safety benefit
calculations, because reliable crash rates for ytwere not available.

To put the crash avoidance numbers into contexisider that the number of large trucks
involved in crashes in Kentucky (2,853) is low teda to the 441,000 large trucks involved in
crashes nationally, representing only 0.6 percénaibonal crashes. Also, the percent of
Kentucky crashes relative to the number of inspestperformed in Kentucky is about 3.3
percent. Comparatively, the national rate of ceagielative to the number of inspections is
about 16 percent. Therefore, relative to the numbaspections, Kentucky’s crash rate is
smaller than the national crash rate. The exasiomr for this is unknown, but possible
explanations include a lower volume of traffic iem€ucky, less congested highways, or a
smaller number of large cities.

Recalculating the safety benefits achieved whemé#tonal number of vehicle and driver
inspections in 2005 is used instead of Kentuckgeetion figures in Equation (5) finds that
implementing RE-6 avoids about 6.5 percent of atiaonal crashes. This figure makes more
sense in the context of the number of total crashes

It is not possible to know the exact percentagera$hes caused by driver or brake OOS
violations. However, as discussed earlier, thew@e12.2 percent increase in relative crash risk
for driver OOS violations, a 4.4 percent increaserash risk for vehicle violations, and a 7.7
percent increase in crash risk for brake OOS vmtat Since a vehicle could have more than
one type of violation, the three crash risk figutaanot be added to obtain the total increase in
crash risk. However, these figures suggest thtaeife were no driver or brake OOS violations
present in the population, no more than about 20gp¢ of crashes could be avoided. This is the
maximum possible benefit if all OOS violations weeenoved from trucks traveling on the road.
This fact helps to put the Kentucky results intatext and to provide an upper bound on the
crash avoidance numbers for Kentucky.
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Table 6-29. Estimated safety benefits of the ISSE®d CVISN under selected deployment
scenarios and assumptions.

Additional ? Safety Events
Numbers of Safety Events Avoided (ISSES/CVISN
Avoided" Benefit)
Scenario Description Crashes| Injuries | Fatalities| Crashes| Injuries| Fatalies
RE-0 Random Selection 183 47 2
Baseline — Pre
RE-1 ISSES/CVISN Using| 126 33 2
Kentucky OOS Rates
Pre ISSES/CVISN
RE-la | Using National OOS 214 55 3
Rates
Mainline Electronic
RE-2 Screening Based on| 189 49 2 63 16 0
ISS Score
Electronic Screening
based on Kentucky
RE-3 OOS Rate Inspection 221 59 3 101 26 1
Selection Algorithm
Electronic
Screening 5% 306 79 4 180 46 2
RE-4 |Dasedonhighi o 57 56 91 23
vehicle and/or
driver OOS 25% 134 35 2 8 2 0
rates
Electronic 5% | 476 123 350 90 4
screening
driver or brake| o506 | 221 57 95 24 1
violation rated
Electronic
screening
based on 5% 755 196 9 629 163 7
RE-6 | infrared 10% | 644 167 8 518 134
screening and
high driver 25% 544 141 7 418 108 5
OOS violation
rate’

population selected for inspection (top 5%, 10%, or 25% in terms of risk).

Kentucky CVSA/ISSES Technical Report

92

The estimated number of crashes avoided is based on the assumption that crashes are avoided when vehicles
and drivers with safety violations are placed OOS.
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6.7 Credentialing Data

This section covers one additional data sourceciaid potentially be used to help inspectors in
their roadside enforcement decisions. This se@ssesses the usefulness of a carrier’s
credentialing status relative to their safety infation in identifying high-risk trucks. To this
point, most of the focus on data related to vebieled carriers presented in this report has been
related to safety. The goal was to determinedfdtexists a strong link between a carrier's
credentialing status and their safety risk. Sonedentialing information is available in federal
and state databases. The ISSES, when integratiedh&#se data sources, will allow inspectors
real-time, instant access to credentialing data.

Although some credentialing data is present inkkeetucky Clearinghouse database, it is limited
in terms of the number of carriers that have infation as well as the number of credentials
where information is available. This is a direzsult of the Clearinghouse not being fully linked
to any federal data source such as SAFER. Beadukese limitations, credentialing data were
left out of the scenarios presented in Sectiomm@dinstead are presented separately in this
section. Table 6-30 lists the most common credentieeded to operate in Kentucky for which
information is available in the Clearinghouse.

Table 6-30. Credentialing information in the Kentwcky Clearinghouse.

Credential Explanation

International Fuel Tax Agreement (IFTA) Fuel taxemgment for carriers engaged in
interstate operations

International Registration Plan (IRP) Registrationcarriers engaged in interstate
operations

Weight Distance Tax (WDT) Mileage tax for carriepperating within Kentucky

Kentucky Intrastate Tax (KIT) Fuel tax for intrast&arriers

Extended Weight [Coal] Decal (EWD) Permit for comigs hauling coal on state
maintained highways

Kentucky Highway Use (KYU) License Used to repoiteage tax

One example of the limited Clearinghouse credengialata is that while IFTA information is
available for all Kentucky based carriers whereAR3 applicable, information from other states
is scarce. Kentucky does interface with the IFTIAainghouse to capture IFTA revocation data
from carriers in other states; however the IFT Amiation from other states needs to include
the USDOT number in order to be processed by Kégthecause the Kentucky Clearinghouse
is a carrier-based system. Since a large amountayfmation from other states is not processed
in the IFTA Clearinghouse by USDOT number, the Kieky Clearinghouse gets limited IFTA
information from other states. Over 31% of allras with available IFTA information in the
Kentucky Clearinghouse are based in Kentucky.

Also, IRP information is strictly limited to Kentkig-based carriers in the Kentucky
Clearinghouse. According to representatives oKh€, the IRP Clearinghouse is currently
geared more toward proper recording of registrafionl transfers and does not have a strong
real-time revocation system. Thus, the Kentuclga@hghouse does not have IRP information
for non-Kentucky carriers.
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All carriers traveling in Kentucky are subject hetweight distance tax (WDT) as well as the
Kentucky Highway Use License displayed via the Kieky Use (KYU) number on trucks that
operate in the state. Since information for thages is housed in a Kentucky state database, the
Kentucky Clearinghouse contains WDT and KYU statns larger number of carriers (both
based within and outside of Kentucky). The Extehdéeight Decal (EWD) Permit is not used

as much as some other credentials and, as suca loioof carriers in the Clearinghouse have
EWD information. The Kentucky Intrastate Tax is iiatrastate carriers only and is obtained

from another Kentucky database.

One objective of the inspection efficiency portmirthe evaluation was to determine if having
access to a carrier’s credentialing status woudeige new information beyond safety
information, such as ISS scores and OOS rates) tiospector to help him or her select high-risk
trucks for inspection. Unfortunately, due to thmits in the amount of data available in the
Kentucky Clearinghouse, a complete analysis coatde conducted. However, a few simple
analyses were performed to show the relationshipd®n a carrier’s risk rating as defined by
their ISS score and their credentialing statusgutt A and WDT as examples.

Table 6-31 illustrates the results using a casi#fTA status. For each carrier in the Kentucky
Clearinghouse where information on IFTA was avddalmformation was captured to determine
if the carrier was in good standing with regardR®A. In addition, the USDOT number for
each of these carriers was cross referenced wiFERAto obtain the carrier’s ISS score. The
ISS score was used to assign the carrier to ofieeofisk categories: high-risk, medium-risk,
low-risk, insufficient data, or unknown. The carrrisk ratings are the same as presented in
Section 6.4. Carriers having insufficient or unkmodata were excluded from this analysis. Of
the 2,558 carriers in good IFTA standing, 25 pereare considered high-risk as compared to
32 percent of the 1,510 carriers not in good stapthat were high-risk. The percentage of
mediume-risk carriers not in good IFTA standing vaéso higher (33 percent) than those carriers
in good standing (26 percent).

Table 6-31. Comparison of IFTA credentialing stats with ISS risk category.

Credentials in Good Standing Credentials NOT in Good Standing
Number of Number of
Risk Level Carriers Percent Carriers Percent
High 632 25% 1,510 32%
Medium 664 26% 1,546 33%
Low 1,262 49% 1,612 35%
Total 2,558 100% 4,668 100%

Table 6-32 shows similar results when carrier ragkng is compared to WDT status. Thirty-
eight percent of carriers not in good WDT standirege considered high-risk versus 24 percent
of carriers in good WDT standing. The percentagaedium-risk carriers with not in good
WDT standing was slightly higher (31 percent) thiamse carriers in good standing (29 percent).
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Table 6-32. Comparison of Weight/Distance Tax craghtialing status with ISS risk category.

Credentials in Good Standing Credentials NOT in Good Standing
Number of
Risk Level Number of Carriers Percent Carriers Percent
High 50,481 24% 3,844 38%
Medium 61,137 29% 3,222 31%
Low 98,458 47% 3,166 31%
Total 210,076 100% 10,232 100%

Both Tables 6-31 and 6-32 illustrate that therecappto be a loose correlation with a carrier’s

credentialing status and the company’s safetyraikg. However, due to the data limitations in

the Kentucky Clearinghouse, a more thorough andobeter analysis is needed to fully
understand and assess the relationship betweenexr'sasafety and credentialing information.

Also, Kentucky is currently in the process of impknting their Commercial Vehicle
Information Exchange Window (CVIEW). Testing wasry finalized in October and
November of 2007. This CVIEW, unlike the KentudBlearinghouse, will be directly linked to

federal and state databases such as SAFER, Liaedsasurance (L&I), and MCMIS. As such,

inspectors at the roadside will have access tadlitamand larger quantities of data, including
credentialing, for use in roadside enforcement.
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7.0 User Acceptance and System Cost Evaluation
7.1 Introduction

The purpose of this section is to document speddia collection and analysis methods as well
as to report the findings for the remaining objeef Goal Area 2 of the evaluation:
“Determine how the ISSES makes the inspection preeenore efficient and effective, in turn
contributing to improved highway safety.{Section 6.0 discussed the other two objectives of
Goal Area 2.) Specifically, this section covers fbllowing objective and hypotheses:

Objective 2.1  Determine the degree of user acceptance and tbeiped usefulness and
usability of the ISSES as deployed, and quantifylalenent and operating
costs related to the ISSES.

Hypotheses: Inspectors and state transportationmagers believe that ISSES enables
roadside inspectors to perform their job functiobgtter.

Inspectors believe that ISSES should be deployedewaidely.

In deploying similar systems, officials at othettes believe their system enables them to
perform their job functions better.

Inspectors found their training and user documenian for ISSES to be helpful to
them in their normal course of duties.

In deploying ISSES, Kentucky incurred one-time starp and recurring costs that
were clearly defined and measurable.

This objective was also intended to identify wayattthe state and the deployment team can
improve the performance and usability of the IS8E$®erceived by the inspectors, which
should lead to increased benefits as advancedanspesystems are deployed more broadly. In
addition, this objective attempted to assess tkesdo deploy, operate, and maintain the ISSES.

The user acceptance study focused on the intebfeteeeen the inspectors and the ISSES
equipment, and the more subjective attitudes anteztual environment that affect the adoption
or rejection of advanced systems such as the IS2ESioted in the Evaluation Plan, a natural
overlap exists between the system performancetendder acceptance aspects of the
independent evaluation. Ideas drawn from the aseeptance study affected the system
performance results, and vice versa; however,\takiation team attempted to maintain a
distinction between the two studies.

For completeness, the user acceptance interviestigne were intended to cover all ISSES
subsystems, including the ALPR and the USDOT numéxsder, even though those two systems
were not under evaluation. However, the evaluaiam noted that the KVE respondents
tended to say very little about the ALPR and USD@imber reader. This may be because those
two subsystems were not integrated with any backeatabases to provide alarms that could aid
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in the real-time inspection selection process.eilately, the radiation monitor (because it
sounded audible alarms) and the thermal imagingsygoecause it showed live IR and video of
vehicles passing near the scale house) may havenhee prominent in the minds of the
inspectors when asked about ISSES in general., Atsuoe of the inspectors may have been
familiar with the thermal imaging system becaus&@eftucky's history of actively deploying

the IRISystem vans for mobile enforcement usingthge technology. No conscious attempt
was made to steer respondents toward or away frgnofathe ISSES subsystems.

7.2 Data Collection

Data to address the hypotheses of Objective 2.2 w@tected from a variety of data sources,
including on-site interviews and site observatigsits. Both data sources enabled researchers to
test the hypotheses associated with Objective Phk first research hypothesis tested was
whether inspectors believed that the ISSES equiperaabled roadside inspectors to perform
their job functions better. As noted previoushgre was an apparent disconnect between the
purpose of the ISSES technology deployment (nergiase the rate of OOS orders) and the
performance measures for KVE inspectors (i.e., detapnspections at a specified rate, with
relatively little regard for the rate of OOS orders

In order to best address this hypothesis, it wammant to understand what the ISSES
equipment actually does and how the ISSES coulthpeoved. This was accomplished through
in-person and telephone interviews as well as fidlservations with inspectors and weigh

station staff to gauge the ease-of-use of the IS8&Benefits, disadvantages, or underutilized
capabilities, and the lessons that inspectors #m&t gtakeholders have learned through the early
deployment and day-to-day use of the ISSES. Aaluliy, user feedback was useful in
documenting the cooperation among stakeholdetseiniéployment process; how any problems
were overcome; what lessons were learned on ahypited, business, or institutional issues
encountered; and how these issues were handled.

The next research hypothesis tested was whetheedtes believed that ISSES should be
deployed more widely. In order to address thisotiyesis, it was necessary to understand the
potential benefits of broader ISSES deploymentis Was accomplished through in-person and
telephone interviews as well as field observatiwith inspectors and weigh station staff to
collect opinions on topics such as whether ISSEB8lavgield greater benefits if it were to be
integrated with state and national systems, wheatieecomponents worked satisfactorily in a
stand-alone mode, whether data originating fronEIS$ London would be useful if made
available to inspectors in other jurisdictions, avfdch features would motivate inspectors at the
London site or other sites to rely on ISSES data.

Another research hypothesis tested whether offi@akimilar deployment sites believed their
system enabled them to perform their job functioeser. In order to understand the views of
other sites, telephone interviews as well as eenxahanges with inspectors and weigh station
staff at Kentucky sites similar to the deploymete ;1 London were conducted.

The next research hypothesis tested whether inggectund the training and user
documentation for ISSES to be helpful to them ®irthormal course of duties. This hypothesis
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was carried out through in-person and telephoreevigws as well as field observations with
inspectors and weigh station staff to understaredihds of training that were offered to KVE
inspectors, the shape of the “learning curve” faistaring the various features of the system, and
whether the inspectors perceived their trainingaee been beneficial in using the ISSES. The
results from these comments should help Kentuckiyadher sites develop appropriate training
and user documentation as additional systems gateyebel.

Another aspect of Objective 2.1 was to quantifyldgment and operating costs related to the
ISSES. In order to best address this hypothdsisas important to identify the costs of
purchased and installed materials and system equipmelated software integration, and vendor
labor. Actual recurring costs to operate and naainthe systems were obtained. Such
operations and maintenance costs included techsuggdort, repairs, equipment replacement,
software upgrades, and supplies and materialsap #ee ISSES in operating order throughout
its expected service life.

Several data collection planning activities wermpteted for the user acceptance aspect of the
Kentucky evaluation. First, a set of user acceganterview questions were created. Second,
site visits with various Kentucky Transportationn@ (KTC) and Kentucky Vehicle
Enforcement (KVE) personnel were conducted to ladout the ISSES equipment and to
observe weigh station staff perform their dutieselation to the ISSES in and around the scale
house.

An initial planning visit took place on January 2907. Additional user acceptance field
observations and interviews were scheduled topédae in June 2007 at the London site. To
coordinate the June visit, contact was made witht&ia David Marcum of KVE at the London
site via email and telephone to schedule a tirmtaluct the user acceptance interview and to
determine what staff, including sworn law enforcemnaficers and regulatory weight and safety
inspectors from KVE, would complete the intervieWser acceptance interview questions were
sent to KVE personnel prior to the site visit.

For the user acceptance study, interviews wereuwiad during a site visit to the London site on
June 20, 2007, near the end of the two-week fibkkovation period. The interview was
presented as part of a research effort to assistuikky and the deployment partners in
measuring the degree of user acceptance and tbeiyen value and usability of the ISSES. For
the London site, four individuals were identifiesl@articipants. The user acceptance site visit
and all interviews were conducted on the same day.

Additionally, weigh station staff from other weiglations in Kentucky were contacted to
participate in the user acceptance interview. Ber@ounty and Simpson County weigh station
facilities each had one KVE staff member particpatthe one-on-one interview portion of the
study. These additional interviews were adminesteria email during the July and August 2007
timeframe.

The target as given in the Test Plan (USDOT 20®/&s to conduct three to four individual

interviews for the user acceptance portion of tredueation. This goal was met. Focus groups
were not conducted as part of the user acceptandg rowever, during the user acceptance site
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visit and during other visits during June 2007eseshers held informal discussions with several
weigh station staff in the scale house to gleareg@nnformation about the inspection
operations of the weigh station as well as the S8&uipment.

7.3 Data Analysis

Following on-site data collection, researchers atedpparticipant feedback from the field
observations and one-on-one user acceptance iedesvnto a table that enabled them to analyze
and document the degree of user acceptance apertteived usefulness and usability of the
ISSES technology deployment. The original useeptance interview guide is attached to this
report (see Appendix B) and consists of 29 questdivided up into six sections, A through F.
Some of the questions or interview prompts congisfeseveral statements or subquestions.
Table 7-1 shows the question groups, topics, aadtimbers of questions in each group.

Table 7-1. User acceptance interview question tags.

Number of
Section Topic Questions
A General questions about ISSES 6
B Use of the ISSES equipment 7
C Training 3
D Inspection selection efficiency 5
E Future deployments 5
F Hypothesis evaluations (true/false) 3
TOTAL 29

All questions were intended to give participants dpportunity to provide their candid opinions
about the ISSES and their experiences with ISSERt®.

As noted, six participants from three Kentucky wesgations provided input to the user
acceptance interview questions. A complete trapisof the responses by question is presented
in Appendix C.

7.4 User Acceptance Results

This section summarizes the user acceptance ietemiutcomes and identifies trends observed

among the responses. Following the summary, regsoio individual questions are presented,

providing count and percentage data to aid in anadyresponses. Selected responses (in both
paraphrase and direct quotations) are included\helten appropriate and relevant, to highlight
views representative of a number of respondents.

7.4.1 Prevailing Themes Among Respondents
The purpose of this section is to summarize thdirfigs of the interviews and site observations

and to present a discussion of the prevailing tisetinat appeared in the user acceptance data.
The main two findings are as follows:
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1. Staffing and training were seen as main barrierto active use of ISSES in everyday
KVE inspection operations.

2. The majority of inspectors said ISSES appearedatbe user-friendly, and that
training is necessary to help them make full use ofs capabilities.

Several prevailing themes appeared in the dat@dessibed below:

Training. In many replies, respondents cited lack of pra@ening as being either the main
reason or part of the reason they had not useganyf the ISSES equipment. In many
instances, respondents indicated that with adedraateng and user documentation they could
come to appreciate and utilize the equipment. Adiog to KTC, some training and exercises
had been conducted at the time of the initial dgplent in 2005 and since then; however,
training should be offered frequently for all staépecially new hires. Staffing levels were also
seen as an important barrier to using ISSES dwi@ilyg inspections. There is a perceived
scarcity of staff resources to make use of thermédion being generated by ISSES.

Based on respondent feedback, training should dectudiscussion of how ISSES can augment
current inspection selection practices, which amagrily visual inspection and observation, the
use of WIM sensors, and queries of external dateces. For the radiation monitor, training
should highlight how to interpret the truck prosilested on the ISSES screen and how to
distinguish and read radiation dose rate values.tie thermal imaging equipment, training
should include a thorough explanation of scenanasder for inspectors to be able to recognize
brake violations and other patterns. Three oktkeespondents felt that the thermal imaging
device should benefit them since it seemed “edsikrcate possible brake defects” than working
at a location without it.

Equipment. Respondents provided most useful information abeatof the ISSES subsystems,
the radiation monitor and thermal imaging devitemany replies, respondents considered most
ISSES radiation alarms to be caused by routinerallyf occurring substances (e.g., brick,
porcelain, clay) or licensed, placarded medicatipots. Respondents indicated the radiation
monitor needs to be fine-tuned to reduce nuisal@ena. The system is perceived as “very
sensitive.” Inspectors do not want to waste timesatg down every truck.[As a point of
reference, during the field observation, approxaty@b00 gamma alarms and nine neutron
alarms were recorded by ISSES in 12 days.] Acogrth the vendor, every ISSES site is
provided with a hand-held radiation detector, alwitly software allowing inspectors to
download data from the hand-held detector to thetednic record of the inspection. Several
respondents noted that hand-held radiation deteatdiile not recognized by them as being part
of ISSES, complemented the radiation portal monifdne hand-held device, which is deployed
at every ISSES site, can zero in on a problem wherruck is in the inspection shelter. (See the
response to Question #A4 below.)

In many answers, respondents indicated that tHgyrethe thermal imaging device with the
greatest confidence because they can “actuallyrseles on the screen” and believe it enables

® The KTC indicated that the nuclear detection sstasy at the Laurel County ISSES site had been djus the
fall of 2007 (after the time of these interviews)greatly reduce the frequency of nuisance alarms.
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them to perform their job functions better. It apps to be easy to use, even given little training,
and training could only help inspectors make better of this subsystem. Respondents also said
that having the thermal imaging device on siterhase benefits than IRISystem vans, although
one could complement the other, similar to the doation of the hand-held and fixed portal
radiation monitors. On several occasions, respaisdaised the point that the thermal camera
shows only one side of truck, and they would lixdé able to view both sides of the vehicle as

it passes the thermal camera location. One clarsiit of the thermal imaging system is that it
tends to show defects more clearly on the far-aides of the truck, partly because the tires and
rims do not obstruct the line of sight from the esanto the brakes and other components that are
most subject to over- or under-heating. Camerasepol on both sides of the lane of travel would
thus allow the inspector to view the insides ofifieeels on both sides of the truck more clearly.

Lessons Learned.Respondents provided useful lessons learned regghdiwv ISSES would
yield greater benefits for future deployments ivére integrated with state and national systems:

Lesson learned 1Train early and retrain periodically to accoumt iew staff. Respondents
speculated that they could provide additional imudifferent answers to the user acceptance
interview questions if they had had training on ¢lg@ipment, since many respondents admitted
their unfamiliarity with the equipment. Future &wations could include revised one-on-one
interviews as well as focus groups to bring togetieweral trained users in a group setting to
discuss and listen to their issues and concernst ébe features of the ISSES.

Lesson learned 2Carefully consider where equipment is sited befostallation and obtain

input from inspectors. As it is installed nowafpipears that the equipment is located too far
down the approach ramp from the mainline, at atgbi is too close to the scale house.
Inspectors need adequate time to interpret infaondtom ISSES and then decide whether to
stop a given vehicle. In the current setup, bytitine the vehicle arrives, it is often too late;
inspectors need more time to visually inspect IRgery and other ISSES signals. The Kenton
site, installed after the Laurel site, provided endistance from the ISSES equipment to the scale
house, primarily for the time required for the systto recognize and process the USDOT
numbers and license plate numbers.

Changing the siting of the equipment could als lile¢ triggering and correlation process,
especially when two trucks are very close togeitnéine. The current ISSES occasionally
generates extra data records across the variosgstams, making it difficult to relate, for
example, ALPR values with USDOT number values, ibh wadiation profile values. The topic
of triggering issues, including the tradeoffs regdiwhen deploying a system that combines
both highway safety and homeland security functi@esovered in more detail above in System
Performance.

Lesson learned 3Provide equipment documentation and user guildeg avith contact
information on-site (e.g., if a radiation alarm gadf) that affords inspectors access to personnel
with a working knowledge of equipmeht.

" KTC indicated that, now that a maintenance contras been established with the vendor, each ISBE&as
contact information posted for the on-site techirscgport person from 1S, giving KVE enforcemeptgonnel
consistent access to help if they have a questianpooblem with the equipment.
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Overall, the ISSES system works as designed, b Kidff—because of their workload,
primary duties, and enforcement performance measyperceive watching the ISSES screens
to be very time-consuming in terms of meeting thetgs that are set out for them in their jobs.

7.4.2 Question-by-Question Summary

This section provides counts of responses per ique&ut of a total of six interviews conducted
with KVE personnel) and, following a recap of eaglestion, a qualitative description and
interpretation of the responses collected.

A. General Questions about ISSES

(Q#A1) HAVE YOU USED ANY PART OF THE ISSES TECHNOLOGY? IF SO, PLEASE LIST THE
SUBSYSTEMS YOU HAVE USED. ALSO NOTE ABOUT HOW MUCH YOU HAVE USED THE SUBSET
AND FOR HOW LONG.

Of the six respondents, five reported being famikdgh some part of the ISSES technology,
namely the radiation monitor and thermal imagingees® Respondents noted they had used
the subsystems anywhere from several months td gighths. There appeared to be less
familiarity with the laser scanner. One respondea seen the license plate reader and USDOT
reader, but had never seen it in operation.

(Q#A2) DOES THE ISSES EQUIPMENT APPEAR TO BE USERFRIENDLY?

Of the six respondents, six reported essentiadly ‘Nvhen it's working it’s friendly.” Four
respondents noted that either no initial trainiraggyprovided or with training it could be
considered user-friendly. One respondent notetdiffarent vendor personnel visit the site
frequently to make repairs. The same respondéntaed that the ISSES equipment worked
20% of the time and said the equipment screens fregiaently password-protected.

(Q#A3) IF YOU HAVEN'T USED ANY PART OF THE ISSES EQUIPMENT, CAN YOU EXPLAIN WHY
YOU AREN'T USING IT? (E.G., TIME ISSUES, STAFFING, TRAINING ISSUES)

Of the six respondents, all six reported that kaickaining was either the main reason or part of
the reason they hadn’t used any part of the ISRfE$ment. In addition, staffing issues (being
short staffed) and timing were also identified astdrs. Inspectors have to conduct a designated
number of inspections per week. They reportedrigagnough to do without watching the

ISSES screens.

8 In response to this finding from the interviewss KTC indicated that there would have been nooress expect
enforcement personnel to be familiar with or todased the LPR and USDOT number reader, becausaK3iill
evaluating the performance of these systems a®ptre state’s CVISN program. Additionally, sirnibe laser
scanner does not have a user interface, and diagiit is used to trigger other systems, enforcempersonnel
would not be expected to be familiar with this syst
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(Q#A4) WHAT DO YOU WANT FROM THE ISSES EQUIPMENET (OR ANY TECHNOLOGY FOR
THAT MATTER)? AND, IS THERE INFORMATION THAT IS DI FFICULT FOR YOU TO OBTAIN
THAT A TECHNOLOGY WOULD MAKE EASIER?

Each of the six respondents provided varying reseen Two respondents indicated they wanted
training on the ISSES equipment. One of theseoredgnts would like the hand-held radiation
detector to be more integrated with ISSES becdusmmplements the radiation portal monitor.
Two respondents also found that the radiation neoméeds to be finely tuned or have an alarm
cutoff to limit nuisance alarms on common, natunakerials (e.qg., Kitty litter, bricks). As one
respondent put it, “You want to hear every alarat,Jmu don’t want to chase down every

truck.” Another respondent would like for the thnal imaging camera to view both sides of the
vehicle, as it would make the inspection processeea Two other respondents indicated that the
record of trucks coming through is beneficial, aimak real-time information would be useful in
locating violations.

(Q#A5) WHAT WOULD MAKE YOU, OR OTHERS YOU WORK WIT H, USE ISSES OR UTILIZE IT
MORE THAN YOU ARE CURRENTLY USING IT?

Of the six respondents, five noted that they waudd ISSES more than they are currently using
if they had training on the equipment. One respondtated that staffing was more of an issue
than training. If someone was hired to sit an@lyahonitor ISSES, it would be used more than
it is currently being used.

B. Questions Specific to any Portion of the ISSES Equipment

(Q#B1) DO YOU RECOGNIZE NOTICEABLE GAPS IN THE DAT A PROVIDED BY THE ISSES (OR A
PARTICIULAR SUBSYSTEM)?

Of the six respondents, five provided responseso flespondents said they did not recognize
noticeable gaps in the data provided by ISSES alblgt the thermal imaging equipment was
singled out as a system that generated very feavgigis, which was viewed as a positive
feature. However, one respondent was not sure wheaten look for. This uncertainty relates to
another respondent comment, not knowing when thgetent is working because it is
password-protected and the individual had evidemtlybeen trained in login procedures.

(Q#B2) DOES THE ISSES GENERATE TOO MUCH INFORMATIO N FOR WEIGH STATION STAFF
TO APPRECIATE AND USE IN THE TIME AVAILABLE FOR AN  INSPECT/BYPASS DECISION?

Of the six respondents, five provided responsego fespondents said they could not answer
because they do not know enough about the sysiotably, one respondent said, “Let’s have
this conversation again in six months after tragriinOne respondent said that it generated too
many audible radiation alarms, while two responslesmmented that they utilized the thermal
imaging equipment. One of these respondents katdrt the time inspectors have available for
an inspect/bypass decision, the thermal imagingcdesould be sited further away to work
better and allow them to make a decision in the taitotted.

Kentucky CVSA/ISSES Technical Report 103 January 31, 2008



(Q#B3) ARE THERE ISSES FEATURES OR FUNCTIONS THAT COULD BE CHANGED OR THAT
FUTURE UPGRADES COULD OFFER?

Of the six respondents, five provided responsegesponse to features that could be changed,
one respondent would like to retrieve informatierg(, location and quantity) from the radiation
portal monitor and have that information e-mailedhe appropriate party. Another respondent
would like to change the thermal imaging deviceinmprporating a camera to capture IR data
from the other side of the vehicle. Two respongesimmented on the license plate reader
operation and integration into other databases, (g National Crime Information Center, or
NCIC).

(Q#B4) WHAT BENEFITS DOES THE ISSES OFFER? DO THESE BENEFITS MAKE YOUR JOB
MORE CONVENIENT/EASIER COMPARED TO THE LEGACY SYSTE M?

Of the six respondents, four provided responsego respondents said that ISSES did not make
their job easier; one respondent added the calvaealSSES would offer benefits if weigh station
staff knew how to utilize the equipment. One resjent does not use ISSES enough to
comment on the offered benefits. One respondetiSEES gives a heads up with respect to
the thermal imaging and radiation monitor. It @d to have both (a) the hand-held detector to
verify truck contents at the inspection shed arndHe stationary portal monitor at the scale
house.

(Q#B5) WHAT ASPECT OF THE ISSES EQUIPMENT ENABLES YOU TO PERFORM YOUR JOB
FUNCTION BETTER?

Of the six respondents, five provided varied resgsn Three respondents felt that the thermal
imaging device should benefit them since it seefeadier to locate possible brake defects” than
working at a location without it. Another respontlsaid the “heads up” aspect of the ISSES
equipment enabled him to perform his job functiettdr. In this context, “heads up” meant
that the system gave the inspector advance ndti@gotential problem with a vehicle entering
the station and additional information about thetticle (see question #D6 below).

(Q#B6) COMMENT ON THE SYSTEM. DOES THE ISSES EQUIPMENT PERFORM AS EXPECTED,
BASED ON THE SPECIFICATIONS OR PRODUCT LITERATURE? IF NOT, ELABORATE ON THE
PERFORMANCE OF THE PARTICULAR SUBSYSTEM.

Of the six respondents, two provided responses r@spondent essentially said he could not
appropriately answer the question because theymaiveeceived adequate training. The other
respondent said the thermal imaging device perfaatisfactorily, while the other subsystems
were unsatisfactory and unreliable in their dailgdtions. The four remaining respondents
indicated that they could not comment on the system

(Q#B7) DOES ONE SUBSYSTEM ADD MORE VALUE THAN ANOTHER, OR DO ALL SUBSYSTEMS
EQUALLY HELP YOU PERFORM YOUR JOB FUNCTION BETTER? (E.G., “"SUBSYSTEM X HELPS
STAFF PERFORM THEIR JOB FUNCTIONS BETTER, BUT SUBSY STEM Y IS DIFFICULT AND
TIME-CONSUMING TO INTERPRET")

Of the six respondents, four provided commentse f@spondent said he could not respond to
the question because he does not know enoughweaagppropriately. Another respondent said
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that none of the subsystems assisted him or hélped o his job better. Another respondent
said the radiation monitor provides value, whil@ tef the respondents said that the thermal
imaging device adds value and provides more inftiona

C. Training

(Q#C1) HAS TRAINING BEEN PROVIDED FOR THE USE OF THE ISSES EQUIPMENT? IF SO, HOW
LONG DID THE TRAINING LAST? IF NOT, HOW MUCH TRAIN ING WOULD BE NEEDED TO
BECOME PROFICIENT IN ANY OF THE ISSES SUBSYSTEMS?

Of the six respondents, a 100% response rate was/egel. All six respondents said that training
had not been provided for the use of the ISSESpegent’ Personnel turnover and hew hires,
however, may have contributed to this reportedigamining. Two respondents felt that two
days of training on the ISSES equipment could bappropriate length of time for training.

One respondent noted that he had received infonathe-spot training as technicians worked
on the system, and considered it self-motivataditrg.

(Q#C2) ARE SPECIFICATIONS OR DOCUMENTATION (E.G., USER’'S MANUAL) ON THE ISSES
EQUIPMENT AVAILABLE ON-SITE? WAS IT DETAILED ENOUG H? WHAT DETAILS WERE
MISSING? WHAT KIND OF ADDITIONAL DOCUMENTATION WOU LD BE USEFUL?

All six respondents seemed to be very unclear aghtd specifications and documentation were
available for the ISSES equipment on-site. Sorapardents mentioned basic response guides
and flowcharts being available as well as radiagiortal monitoring information’ Additional
documentation that would be useful to respondemitddanclude user-friendly training manuals,
(i.e., “Cliffs Notes” format guidance), flowcharis; a quick reference guide.

(Q#C3) HOW DO INSPECTORS OR MANAGERS DEAL WITH THE POTENTIAL LIABILITY FOR
MISSED DETECTIONS OF UNSAFE OR HIGH-RISK TRUCKS, WH ICH MIGHT TRAVERSE THE
WEIGH STATION AND THEN BECOME INVOLVED IN A CRASH C AUSED, FOR EXAMPLE, BY
FAULTY BRAKES? IS THERE AN ISSES OPERATING PROTOCOL THAT HELPS INSPECTORS
DETECT AS MANY UNSAFE TRUCKS AS POSSIBLE OR PRACTICAL, AND IF SO, HOW
EFFECTIVE IS THAT PROTOCOL?

All six respondents interpreted this question défely. None of the respondents had seen an
operating protocol, and one respondent directeghrebers to check policies and procedures
through KVE HQ. One respondent said that manpasvan issue, because no personnel are
solely assigned to monitor the ISSES screens. lanoespondent said that ISSES does not

° In response to this finding from the interviety® vendor indicated that training had been prewitb Laurel

County inspectors by ORNL at the time of the systemmissioning in 2005. Later, training was pr@ddn
Frankfort by the Domestic Nuclear Detection OfffE#HS), on response protocol, the use of the hadifiagliation
detector, and how to transmit the radiation praféea to the appropriate entities.

1%1n response to this finding from the interviewss KTC indicated that a response protocol for wesiglion
personnel to use when a radiation alarm was aetivay a truck was developed by the Department bidke
Regulation and the Kentucky Office of Homeland 3#gu After the training in Frankfort, an exercis@s
conducted by the Domestic Nuclear Detection Offi@elS), in which Laurel County weigh station persehn
responded to an alarm, followed the protocol, cotetlithe inspection using the hand-held detectat ratified the
appropriate agencies of the problem.

Kentucky CVSA/ISSES Technical Report 105 January 31, 2008



show him everything that could be faulty on thekr(e.g., the thermal imaging device does not
identify broken air reserve tanks, things undertthek that could fall out, straps, etc.).

D. Selection Efficiency

(Q#D1) OTHER THAN INFORMATION FROM THE ISSES, WHAT SPECIFIC DATA IS COLLECTED
FROM THE COMMERCIAL VEHICLE PRIOR TO MAKING A DECIS ION ON WHETHER TO
INSPECT?

Of the six respondents, five responses were prdvidésual inspection occurs at the officer’s or
inspector’s discretion. Specific data collectemtrirthe vehicle prior to making a decision on
whether to inspect includes general appearanceratition of vehicle, USDOT number,
company name, tire condition, past experience wiplarticular carrier, and vehicle weight and
tax information.

(Q#D2) HOW IS THIS INFORMATION COLLECTED (SENSORS, WIM, CAMERAS, EYESIGHT,
ETC.)?

Of the six respondents, five responses were redeid five respondents indicated that
eyesight is the primary means to make a decisiontwther to inspect. Four of the respondents
also added that the WIM sensor coming off the sttge was utilized. One respondent also
added data entry as a means to make vehicle degisio

(Q#D3) ARE ANY EXTERNAL DATA SOURCES (SAFER, SAFESTAT, QUERY CENTRAL) USED TO
SUPPLEMENT DATA COLLECTED AT THE SITE?

Of the six respondents, five provided responseassupplement data collected at the site, two
respondents use all three external data sourcdsEBASafeStat, and Query Central. Three
respondents said they only use SAFER and Query&geahd do not use SafeStat.

(Q#D4) WHAT ARE THE MAIN PIECES OF INFORMATION COL LECTED FROM THE KENTUCKY
CLEARINGHOUSE DATABASE TO HELP WITH INSPECTION SELE CTION DECISIONS?

Of the six respondents, two provided detailed rasps. Both respondents use the Kentucky
Clearinghouse to check whether the vehicle hagntitax or insurance credentials. One
respondent added that this check took place dfeeinspection decision had been made and the
vehicle had been stopped.

(Q#D5) BASED ON ALL DATA COLLECTED, HOW ARE DECISI ONS RELATED TO INSPECTIONS
MADE? WHAT METHODOLOGIES PLAY A ROLE IN THE DECISI ONS (ISS ALGORITHM,
INSPECTOR JUDGMENT, ETC.)? HOW MUCH IS BASED ON DATA COLLECTED AND HOW MUCH
IS BASED ON INSPECTOR OBSERVATION AND JUDGMENT?

Of the six respondents, five provided responsdsfive respondents noted that inspector
observation and judgment come into play, sometisoéaly, to determine obvious violations
(e.g., flat tires, broken headlights, placard violas, or when alarms sound). One respondent
estimated that 75% of the decision is driven bp&tsor observation, while the remaining 25%
is data-driven. One respondent noted that the $A\&&abase played a role in inspection
selection process.
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(Q#D6) HOW HAS THE INSPECTION SELECTION PROCESS CHANGED WITH THE INTEGRATION
OF ISSES AT THE LONDON [KENTON/SIMPSON] SITE?

Of the six respondents, five provided responsesir Fespondents indicated that the inspection
selection process has not changed much or attllthe integration of ISSES. One respondent
noted that WIM, not ISSES, has increased the numbeverweight vehicles pulled over for
inspection. The ISSES change is that it providdseads up” to inspectors.

E. Future Deployments

(Q#E1) WOULD THE ISSES YIELD GREATER BENEFITS IF | T WERE MORE FULLY INTEGRATED
WITH STATE AND NATIONAL SYSTEMS, SUCH AS QUERY CENT RAL, STATE INSPECTION OR
LICENSING DATABASES, SAFER, COMMERCIAL DRIVER LICEN SE INFORMATION SYSTEM
(CDLIS), NATIONAL LAW ENFORCEMENT TELECOMMUNICATION  SYSTEM (NLETS), ETC.?

Five of the six respondents indicated that ISSES8Ildvgield greater benefits or would be more
useful if it were integrated with state and nati®ystems or licensing databases. Of those
respondents, one said that the current process @t going to one to two places to get
information (e.g., to run a USDOT number), so hgwwerything tied together would make an
inspector’s job easier. The sixth respondent didhave an idea as to whether ISSES would
yield greater benefits if more fully integrated hvither systems.

(Q#E2) DOES EACH ISSES SUBSYSTEM WRK SATISFACTORILY IN A STAND-ALONE MODE?

Of the six respondents, five provided responsese @spondent indicated that from what he
knows, each ISSES subsystem works satisfactordystand-alone mode. Another respondent
indicated ISSES should be integrated with whatresaaly available on-site for inspectors and
“weaved into databases” (e.g., Query Central). Teapondents were unable to comment on
whether each ISSES subsystem worked satisfactordystand-alone mode.

(Q#E3) WOULD THE ISSES DATA BE USEFUL IF MADE AVAI LABLE TO INSPECTORS IN OTHER
JURISDICTIONS (E.G., OTHER PARTS OF THE STATE OR SIMILAR ROADSIDE SYSTEMS IN
OTHER STATES)?

Of the six respondents, all six provided a resporisee respondents indicated that it would
indeed be useful if ISSES data were made avaitalilespectors in other jurisdictions. A
respondent commented that the more people who kmmowto operate the system, “the better.”

(Q#E4) WHAT ASPECTS OF THE ISSES DATA DO YOU RELY ON WITH THE GREATEST
CONFIDENCE? IF THERE ARE NO ASPECTS THAT YOU RELY ON, WHAT CHANGES TO THE
SYSTEM MIGHT MOTIVATE YOU TO USE AND RELY ON THE DA TA?

Of the six respondents, all six responded to varaegrees. Two respondents rely on thermal
imaging data because you can “actually see truokb® screen.” Other respondents would like
to gain familiarity with the equipment before comtieg on what aspects they rely on or what
changes to the ISSES equipment might motivate tioemse and rely on the data.
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(Q#E5) CAN YOU SHARE ANY LESSONS LEARNED THAT WOUL D PERHAPS BE USEFUL TO
OTHER STATES CONSIDERING THE DEPLOYMENT OF SIMILAR EQUIPMENT? (E.G., WORKING
WITH EQUIPMENT, TRAINING, LOCATION OF THE EQUIPMENT  ON-SITE, ETC.)

Of the six respondents, all six provided a resporisgerms of sharing lessons learned, two
respondents said that part of the cost of the ISS&kBoment should include the cost of training
and to make sure that both initial and follow-ugarimg are provided to introduce new staff to
the equipment, especially the operation of theesygst Two respondents said that as far as a
lesson learned, the location of equipment shoulddnsidered carefully before installation.
Inspectors have to be given sufficient reactioretim stop a vehicle. The two remaining
respondents did not report any lessons learned.

F. User Acceptance Hypotheses

(Q#F1) INSPECTORS BELIEVE THAT ISSES ENABLES ROADSIDE INSPECTORS TO PERFORM
THEIR JOB FUNCTIONS BETTER. TRUE OR FALSE

All six respondents provided a response. Thregomdents answered true, two respondents
answered false, and one respondent was unablesweanOne respondent who answered false
indicated it was because they don't rely on theHS@ll the time because they do not have the
time or staffing to do so. The other respondent whswered false said that because he did not
know how to use the equipment, he did not beliexelps him perform his job functions better.

(Q#F2) INSPECTORS BELIEVE THAT ISSES SHOULD BE DEPLOYED MORE WIDELY. TRUE OR
FALSE

Of the six respondents, all participants providedsponse. Three respondents answered true
(with the caveat that proper training would be seey), two respondents answered false, and
one respondent was unable to answer.

(Q#F3) INSPECTORS FOUND THEIR TRAINING AND USER DOCUMENTATION FOR ISSES TO BE
HELPFUL TO THEM IN THEIR NORMAL COURSE OF DUTIES. TRUE OR FALSE

Of the six respondents, five participants providagsponse. One respondent answered true
(again with the caveat of proper training), twop@sdents answered false, and two respondents
did not provide a true or false response becauwsehave not been trained yet to answer the
guestion as to whether training and documentatohSSES is helpful to them in their normal
course of duties.

7.5 System Deployment and Operating Costs Results

The system cost study focused on the economic diimes of the deployment, for both one-time
start-up costs and recurring (annual) costs toatpeand maintain the ISSES. Data on actual
costs incurred were supplemented by best estif@téisose costs that are not available.

Data collection for the system deployment and dpegaosts was made via contact with the

KTC to identify the various costs associated witinghased and installed materials and system
equipment, related software integration, and vealuor.
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The KTC has provided a copy of a bill of sale d&&12005 with cost data and general system
specifications. This bill states that the totadtoof installing ISSES at the Laurel County weigh
station was $350,000. This total cost includes ttagliation detection component; thermal
imaging component; license plate reader compormat;site preparation and installation. All
installed equipment is included in the bill of saleept two rack mount servers. The KTC,
which was involved in ISSES contracting betweenstta¢ée and the vendor, reported that funds
from Oak Ridge National Laboratory were also usethe original Laurel County installation
and deployment, and that subsequent systems atsiallother Kentucky counties have actually
cost the state approximately $500,000 each to pecand install.

The original budget for the Laurel County ISSES mhd provide funding for training or system
maintenance. According to the KTC and the venkdowever, recurring (annual) costs for
hardware to operate and maintain the equipment beee fairly low. The system is based on
low-amperage sensors and communication systemsjaginot cause a large electrical current
draw. Equipment repairs and replacement of pastslescribed below, have been largely due to
lightning strikes and electrical power service iniptions, not due to ISSES equipment defects.
In November 2006, the KTC entered into a serviggremt with TransTech to make one field
technical support person available at approxima8p of full-time on-site to cover the three
installed ISSES locations for one year, and at tibali of the first year's time commitment for
two years thereafter. While the technical supperson also patrticipates in client- and vendor-
driven data collection projects and other actigit@itside of this on-site service commitment, his
main role is to be available to troubleshoot anyntesmance issues, monitor the site remotely,
make any repairs on-site as needed or requestdByor KTC, provide training to
operators/inspectors at each of the sites, andifgamd test ISSES enhancemetitsThe cost

of this maintenance and technical support from Madwer 2006 through August 2007 has been
approximately $109,000. This amount has coveredSBSES maintenance duties listed above,
but some fraction of the field support techniciaalgst’s time within this contract has been
devoted to administrative activities, software pemgming support, and communications
protocol development for the nuclear detection gsiiesn unrelated to the monitoring, repair,
and maintenance of the ISSES. Thus, the entir8,800 has not been attributable to operating
and maintaining the ISSES hardware and software.

TransTech is providing periodic maintenance stegpsrts to the KTC (see Appendix E).
According to the KTC, TransTech is supposed to stpariodic status reports, based on daily
status reports. These reports are obtained bgr@sTech field support technician who can
connect remotely to see if the ISSES systems aendpunning. When a problem arises, the
TransTech technician attempts to troubleshoot tbblpm remotely, and on some occasions
makes site visits to troubleshoot problems. Betwday and August 2007, four maintenance
records had been sent to the KTC.

It appears that, based on respondent input, olisamyand other correspondence (see Appendix
E), ISSES requires frequent maintenance becausgsté#m troubleshooting and power

1 The first such training session was a two-daining session held on July 31 and August 1, 2p@ided to
personnel at the Kenton County inspection statibine training session focused on the operatiohethermal
imaging system.
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interruptions, the latter type being consideredcheduled maintenance. It is difficult to
delineate whether the maintenance (both unschedmegreventive/planned) is monthly,
weekly, or daily because of the nature of the thesiiooting (e.g., lightning strike versus
software modification).
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8.0 Conclusions and Implications

8.1 Overall Conclusions and Lessons Learned

The KVE inspectors at Laurel County were not usheyISSES to any great extent
during the period of the field study. Accordingmterviews with inspectors and with
staff from the KTC, the ISSES hardware was functigrsatisfactorily, but the state’s
scarcity of resources and staff prevent inspedtors having the time to use the
information being displayed by the ISSES. The ISSEs in place and operating at the
inspection station, but was not being used to &iegtve extent during the period of the
evaluation.

The portions of the ISSES under evaluation in shusly appeared to perform as
designed. KVE staff assigned to the Laurel Cowsigh station, because of their
workload and their primary inspection duties, témgerceive that spending time
watching the two ISSES interface screens or maitotoo time-consuming and does
not represent an efficient use of their time. T®®ES software and components now
deployed—though operational—are considered to lzedavelopment mode as of late
2007.

The vendor informed the evaluation team that thregamny attempted to use commercial,
off-the-shelf technologies for the ISSES whenewssible. While this approach
provides advantages with respect to reducingdwsts and allowing the state to begin
using subsystems like the thermal inspection camedaradiation monitor immediately
in a stand-alone mode, it also increases the oastdficulty of integrating disparate
commercial systems.

The deployment took place in a larger enforcementext that has up to now
emphasized and rewarded inspectors for the nunolb@mspections they complete, not
necessarily for achieving high rates of OOS orddiisus the purpose of the ISSES (to
help inspectors focus on the trucks with the wsaséty records, and in effect drive
upward the rate of OOS orders) is not directlyradig) with the traditional goals of the
inspectors in Kentucky. This institutional disceshaffected the degree to which the
inspectors perceived the ISSES as helping theneaelheir personal and organizational
job goals.

Lack of training was seen as another obstacle t@ ribective use of the ISSES. One
KVE officer said, “It is a good system but therens one sitting over the monitors
watching the results.”

8.2 System Performance Conclusions

The radiation monitor appears to alert inspectosatential radiation hazards. No
attempt was made to simulate radiation-emittingl$éoi@ formally test the rates of false
positive alarms or false negative (missed deteratarms. A tendency for nuisance
gamma alarms caused by naturally occurring subssamowever, has the effect of
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making inspectors more likely to ignore all of tpemma radiation monitor alarms. As a
rule, the KVE inspectors do attend to neutron ag&anvhich sound different in the scale
house and are much fewer in number than the garfamasa An isotope identification
capability recently deployed at the two newer ISSEffions (Kenton and Simpson) has
also reduced the number of nuisance alarms. Dathedang collected to develop
computer-based “risk matrices” to further limit thember of nuisance radiological
alarms in the future.

* The thermal inspection device enables inspectosségotential heat-related defective or
malfunctioning equipment that might be missed wisaial review, and archives video
data for follow-up review. The effectiveness af thermal inspection system appears to
vary depending on the training, experience, aniisski the operator, especially in
synchronizing the views of the ground-level IR/eatamera and the gable-mounted
color overview camera.

* The laser scanner appears to log every truck passiough the ISSES apparatus, but its
adjustment is such that the system generatesarcaumber of extra (blank) records or
extra trigger events, which is an impediment terdatview of traffic data. For the
sample of data reviewed for this evaluation, soagsgn the time synchronization were
noted.

* The ISSES appears to perform with a minimum of bedaled downtime. Partly owing
to the exposed geographic location of the Laurelr@®pweigh station, the hardware has
been subject to several outages caused by lighstiikges and other power drops or
interruptions. The system has experienced a losvabhardware failure, other than
some events related to the reliability of electrmawver to the site.

» Based on experience at the first (Laurel) ISSES #ie location of the visible lighting
fixtures was changed from the passenger side tdritaer’s side at Kenton to reduce the
amount of stray light reaching the mainline offiaf Also, the Kenton ISSES equipment
was positioned approximately twice as far upstré@m the scale house as the ISSES
equipment at Laurel, in principle allowing Kentarspectors more time to make
decisions based on the system’s output.

* As of mid-2007, the system appeared to be at sstatge in the product development
cycle, not completely in full-scale production meptat well beyond the field test
prototype stage. It was not yet integrated with @nrent or historical state or national
databases, which affected its usefulness for nes-enforcement applications, but it
appeared to be functioning well in stand-alone mode

8.3 Inspection Efficiency Conclusions
» A series of scenarios was constructed to compangu€ky’s current inspection selection
methods with various progressive options for inatigg ISSES and similar CVISN

screening technologies at the state’s weigh statidie scenarios also explored
variations in the inspection selection criteriat thtates could use in trying to focus their

Kentucky CVSA/ISSES Technical Report 112 January 31, 2008



finite resources on the highest-risk carriers, ekelsi, and drivers. Substantial potential
reductions in crashes, injuries, and fatalitiesenaedicted from wider deployment of
ISSES. Estimates were made using statistical nraglel

» The roadside enforcement (RE) scenarios were akésdollows:

RE-0: Random Selection

RE-1: Baseline—Pre-ISSES/CVISN

RE-2: Mainline Electronic Screening based on 186r&

RE-3: Electronic Screening based on Kentucky OO® Re&pection Selection

Algorithm

RE-4: Electronic Screening based on high vehict#@ardriver OOS rates

RE-5: Electronic screening based on high driver @DBrake violation rates

0 RE-6: Electronic screening based on IR screeninghégh driver OOS violation
rate.

o O O0Oo

o O

» According to the model, current roadside enforcerstmategies (RE-1) are responsible
for avoiding 126 truck-related crashes, which reprgés about 4.4 percent of the 2,853
crashes in Kentucky that occur annually, based0@ Zrash statistics. Furthermore, it is
estimated that current roadside enforcement aetivitre responsible for preventing 33
injuries and 2 deaths.

* The safety benefits realized increases with eaehas® RE-2 through RE-6. The
maximum benefit is achieved with RE-6, where 75shbes (629 more than in the
baseline scenario) are avoided if the top 5 peroemehicles in terms of driver OOS
violations are inspected in conjunction with IResaming. This implies that about
26 percent of Kentucky’s 2,853 annual truck-relateashes could be avoided under RE-
6. In reality, this figure is an overestimate, hesmnational crash rates were used in the
safety benefit calculations, in turn because rédigbash rates for Kentucky were not
available.

* Interms of injuries and fatalities, the increméiienefits range from 16 to 163 fewer
injuries per year, and up to 7 fewer fatalities yesrr.

* To put the crash avoidance numbers into contexisider that the number of large trucks
involved in crashes in Kentucky (2,853) is low tiela to the 441,000 large trucks
involved in crashes nationally, representing onéy/iercent of national crashes. Also, the
percent of Kentucky crashes relative to the nunob@rspections performed in Kentucky
is about 3.3 percent. Comparatively, the natioatd of crashes relative to the number of
inspections is about 16 percent. Therefore, redativthe number of inspections,
Kentucky’s crash rate is smaller than the nati@nash rate. The exact reason for this is
unknown, but possible explanations include a lovatame of traffic in Kentucky, less
congested highways, or a smaller number of largesci

* Recalculating the safety benefits achieved whem#timnal number of vehicle and

driver inspections in 2005 is used instead of Kekyunspection figures finds that
implementing scenario RE-6 avoids about 6.5 perakall national crashes.
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* A supplemental analysis of the use of real-timelendialing data to supplement current
and historical safety information at the roadsidendnstrated a loose correlation between
a given carrier’s credentialing status and the seomepany’s safety rating. In this
analysis, credentials such as IFTA and the KentWgkyght Distance Tax were
compared with ISS safety risk rating categories.

8.4 User Acceptance/Cost Conclusions

» As noted above, staffing and training were seemais barriers to active use of ISSES in
everyday KVE inspection operations. The majorityngpectors said ISSES appeared to
be user-friendly, and that (compared to the trgjmiffered at the Laurel County site),
more training is necessary to help them make &8l of its capabilities.

» Respondents considered most ISSES radiation alarives caused by routine, naturally
occurring substances (e.g., brick, porcelain, abayicensed, placarded medical
products. Respondents indicated the radiation toongeeds to be fine-tuned to reduce
nuisance alarms. After the time of the user aeoeq interviews, the ISSES at the
Laurel County site was adjusted to reduce the peeca of nuisance alarms.

* Respondents indicated that they rely on the themmading device with the greatest
confidence because they can “actually see trucki®screen” and believe it enables
them to perform their job functions better. It eps to be easy to use, even given little
training, and training could only help inspectoraka better use of this subsystem.

» As for lessons learned from the Laurel County dgplent, designers should carefully
consider where equipment is sited before instalaéind obtain input from inspectors.
As it is installed now, it appears that the equiptig located too far down the approach
ramp from the mainline, at a point that is too elts the scale house. Inspectors need
adequate time to interpret information from ISSE8 then decide whether to stop a
given vehicle.

» Deployment teams should provide equipment docunientand user guides along with
contact information on-site (e.qg., if a radiatidaren goes off) that affords inspectors
access to personnel with a working knowledge ofpggant. After the time of the user
acceptance interviews, contact information for techl support was posted on the ISSES
equipment at Laurel County.
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Appendix A.

Points of Contact

Kentucky Transportation Cabinet
Sonia Sanders, CVISN Program Manager
Transportation Cabinet Office Building
Dept. of Vehicle Regulation
200 Mero Street
Frankfort, KY 40622
(502) 564-7000
Fax: 502-564-6403
sonia.sanders@ky.gov

Kentucky Vehicle Enforcement
David G. Leddy
(502) 564-3276
Davidg.leddy@ky.gov

Captain David Marcum

KVE Commander of Laurel County weigh-inspection facility

Kentucky Transportation Center (University of Kentu
Joe Crabtree, ITS Program Manager
176 Raymond Building
Lexington, KY 40506
(859) 257-4508, ext. 74508
Fax: (859) 257-1815
crabtree@engr.uky.edu

Oak Ridge National Laboratory
Randy M. Walker, Program Manager
Computational Sciences & Engineering
One Bethel Valley Road
PO Box 2008, MS-6418
Oak Ridge, TN 37831-6418
(865) 574-5522
Fax: (865) 576-5943
walkerrml@ornl.gov

Transportation Security Technologies LLC (Transtech
Brian S. E. Heath
765 Emory Valley Road
Oak Ridge, TN
877-393-3939
Fax: (877) 393-8883
bheath@intelligentimagingsystems.com

Federal Motor Carrier Safety Administration
Pamela Rice, Division Administrator
330 West Broadway
Frankfort, KY 40601
(502) 223-6768
Fax: (502) 223-6767
pamela.rice@dot.gov
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cky)

David Hunsucker

176 Raymond Building
Lexington, KY 40506
(859) 257-8313

Fax: (859) 257-1815
dhunsuck@engr.uky.edu

A subsidiary of:

Intelligent Imaging Systems

4954 - 89 Street

Edmonton, Alberta, Canada T6E 5K1
(877) 393-3939

Fax: 877-393-8883
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Appendix B.
Interview Guide

Kentucky Commercial Vehicle Safety Applications Eva luation
Contract No. DTFH61-02-C-00134, Task Order BA34018

June 20, 2007

The overall purpose of the Kentucky Commercial \¢ehBafety Applications (CVSA)
Evaluation is to provide an independent assessafdéhe performance, usability, safety benefits,
and wider applicability of an advanced system twesning trucks at the roadside. The system,
known as théntegrated Safety and Security Enforcement System$SES) is being deployed
along interstate highway routes by the Kentuckyn$partation Cabinet, under a grant from the
Federal Motor Carrier Safety Administration. Thegant evaluation is focused on the first
deployment, at Laurel County, near London, Kentuckyl-75 northbound.

ThelSSEStechnology is intended to give inspectors reaktinformation about trucks passing
by the scale house at a slow ramp speed throughademtegrated subsystenasradiation

monitor, a thermal (infrared, or IR) inspection ey a laser scanner/vehicle detector, a license
plate recognition system, and a USDOT number reader

Goals of the evaluation are to estimate whethetSB&ESwill make highways safer and more
secure, and to determine how tB&SESmakes the commercial vehicle inspection procesg mo
efficient and effective. The intent of this surisyo determine the degree of user acceptance
and the perceived usefulness and usability of$i8E=Sas deployed. The overall evaluation will
document the performance and benefits ol B&ESfrom a national point of view and will
provide practical information on commercial vehisldety and efficiency that will be useful to
other states considering the deployment of singitaripment.

Contact information is requested below to documméra participated in the survey and the date
in which it was conducted; howeveesponses will be merged into the final report anitibe
kept anonymous.

Date

Name of Respondent

Title

Contact Information
(E-mail or phone)

Other Notes

At any time during the survey, the participant magpond to a question with “not applicable” or
“prefer not to answer” or some other variation.
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A. General Questions about ISSES

1.

2.
3.

Have you used any part of the ISSES technoltfgg@, please list the subsystems you
have used. Also note about how much you have imedubsystem and for how long.
Does the ISSES equipment appear to be usediyizn

If you haven't used any part of the ISSES eqeiptncan you explain why you aren’t
using it? (e.g., time issues, staffing, traininguiss)

What do you want from the ISSES equipment (grtanhnology for that matter)? And,
is there information that is difficult for you tdtain that a technology would make
easier?

What would make you, or others you work withe USSES or utilize it more than you
are currently using it?

B. Questions to be asked if interviewee uses angrion of the ISSES Equipment

1.

2.

2

Do you recognize noticeable gaps in the dataigeed by the ISSES (or a particular
subsystem)?

Does the ISSES generate too much informatiowégh station staff to appreciate and
use in the time available for an inspect/bypasssaet?

Are there ISSES features or functions that cbeldhanged or that future upgrades could
offer?

What benefits does the ISSES offer? Do theseflie make your job more
convenient/easier compared to the legacy system?

What aspect of the ISSES equipment enablesoyparform your job function better?
Comment on the system. Does the ISSES equippeeftirm as expected, based on the
specifications or product literature? If not, eledie on the performance of the particular
subsystem.

Does one subsystem add more value than anothao, all subsystems equally help you
perform your job function better? (e.g., “Subsystémelps staff perform their job
functions better, but Subsystem Y is difficult aimde-consuming to interpret”)

C. Training Questions:

1.

Has training been provided for the use of tH&HS equipment? If so, how long did the
training last? If not, how much training would beeded to become proficient in any of
the ISSES subsystems?

Are specifications or documentation (e.g., saranual) on the ISSES equipment
available on-site? Was it detailed enough? Wh#dils were missing? What kind of
additional documentation would be useful?

How do inspectors or managers deal with thentiatidiability for missed detections of
unsafe or high-risk trucks, which might traverse weigh station and then become
involved in a crash caused, for example, by fabitbkes? Is there an ISSES operating
protocol that helps inspectors detect as many arisatks as possible or practical, and if
so, how effective is that protocol?
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D. Selection Efficiency

1.

2.
3.

Other than information from the ISSES, what fpedata is collected from the
commercial vehicle prior to making a decision oretifer to inspect?

How is this information collected (sensors, Widdmeras, eyesight, etc.)?

Are any external data sources (SAFER, SafeQtatry Central) used to supplement data
collected at the site?

What are the main pieces of information collédtem the Kentucky Clearinghouse
database to help with inspection selection decéston

Based on all data collected, how are decisielagad to inspections made? What
methodologies play a role in the decisions (IS®ritligm, inspector judgment, etc.)?
How much is based on data collected and how mubhsed on inspector observation
and judgment?

How has the inspection selection process chawgbdhe integration of ISSES at the
London site?

E. Future Deployments: (perhaps discuss these guiesms as a group if possible)

1.

wn

Would the ISSES vyield greater benefits if it evarore fully integrated with state and
national systems, such as Query Central, stateatsm or licensing databases, SAFER,
Commercial Driver License Information System (CD),ISational Law Enforcement
Telecommunication System (NLETS), etc.?

Does each ISSES subsystem work satisfactorgystand-alone mode?

Would the ISSES data be useful if made availablaspectors in other jurisdictions
(e.g., other parts of the state or similar roadsid#ems in other states)?

What aspects of the ISSES data do you rely ¢imthe greatest confidence? If there are
no aspects that you rely on, what changes to tstersymight motivate you to use and
rely on the data?

Can you share any lessons learned that woulthpstbe useful to other states
considering the deployment of similar equipmentg.(@vorking with equipment,
training, location of the equipment on-site, etc.)

F. Please answer True or False to the followingaements:

1.

2.
3.

Inspectors believe that ISSES enables roadsgpectors to perform their job functions
better.

Inspectors believe that ISSES should be deployae widely.

Inspectors found their training and user docuaten for ISSES to be helpful to them in
their normal course of duties.
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Appendix C.
Interview Response Transcript

Notes made by the interviewer on the responsespelison and telephone interviews among six
KVE personnel are transcribed below. Respondem¢ cmmbers, R1, R2, etc. are used to
preserve the anonymity of respondents while ilatgtg continuity across multiple answers per
respondent. Four respondents were assigned tatirel County site at the time of the
interviews (June 2007), and one respondent eaclirarasthe Kenton and Simpson County
sites.

A. General Questions about ISSES

Al | Have you used any part of the ISSES technology? If so, please list the subsystems you have used. Also note
about how much you have used the subsystem and for how long.

R1 Yes, R1 uses the thermal inspection/IR device. R1 familiarized himself with the technology several
months ago. Also uses the radiation monitor, both the fixed and hand-held units. The radiation
monitor alarms “a lot” for items like Kkitty litter and brick, both of which emit gamma rays. The audible
alarms are different [i.e., items that emit higher gamma rays (40, 50, even 60,000) produce
noisier/higher sounding alarms]. Bricks (~ 4-5,000) produce a lower sound.

In short, R1 uses both technologies daily. Higher number equals higher sound.

R2 Yes, some basic training on IR device and radiation monitor and laser scanner.

R3 Is familiar with radiation and IR device, not as much laser scanner/vehicle detector. Has been on-site
when alarm occurred. Called phone number on ORNL, 12 to 13 agencies showed up, sirens going,
including FBI. It was shingles that triggered alarm. Would like to put heads together to develop an
SOP (e.g., if alarm goes off, use hand-held radiation device and email Frankfort Fusion Center.
Vendor should have done more “in the event of...” No formal training provided, no notice that it was
here. Inthe 2 years R3 has been there, he’s had training for hand-held radiation device — separate
vendor.

R4 Yes, R4 used radiation monitor and has “heard it alarm,” knows how to review alarm, location, but
has “limited knowledge to overall use.” Watched brakes on IR screen. Seen LPR and USDOT
reader, but never seen in operation.

R5 No.
R6 Yes, R6 has used the thermal imaging equipment for about 8 months at this location.
A2 | Does the ISSES equipment appear to be user-friendly?
R1 For the most part, yes. Only problem is that with the radiation monitor, there was no initial training.

They were getting alarms left and right. Is now “comfortable” with radiation monitor.

Brought up personnel issue. (Blue uniforms are KVE inspectors, inspectors use IR; Tan uniforms are
KVE road officers.) Two inspectors currently at weigh station, hired two more, one is starting in July.
Staffing the technology is an issue. The idea is, once inspectors and officers get recognition training,
they still aren’t sure of the capabilities of the technologies, “not sure if technology is functioning
[correctly].” They just don’t know enough about it, “not sure who is responsible for training to get us
on the same page.” Believes the ISSES equipment needs to remain there.

R2 When it's working it does. People are always in and out making repairs and the screens are password
protected. Different face each time; they do what they have to do, repair, and leave. Vendor has had
show and tell with other states (OH, VA, WV, MS, TN, an MO); however technicians never ask for
inspectors’ feedback. Estimates it works “20% of time,” times out, a “user ID” screen shows up, and
sometimes starts up remotely. Does someone monitor the system remotely? If yes, why do they
have to come on-site to make repairs?

R3 Training would make it user friendly.

R4 With training, yes. Password issue.

R5 Personnel have not been adequately trained at this point. R5 cannot say.
R6 Yes.

A3 | If you haven't used any part of the ISSES equipment, can you explain why you aren’t using it? (e.g., time
issues, staffing, training issues)

R1 No training yet to become familiar with it. In R1’s position, he doesn’t do a lot of hands-on inspection.

R2 Time issues is a major thing. R2 has to conduct so many inspections per week. Staffing and training
are also issues.
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R3 All three (timing, staffing, and training). There is so much to do and not enough people to watch
machine, but lack of training is biggest culprit.

R4 Access to equipment and training.

R5 Lack of training on equipment.

R6 Not been trained on radiation equipment.

A4 | What do you want from the ISSES equipment (or any technology for that matter)? And, is there information that
is difficult for you to obtain that a technology would make easier?

R1 Main thing R1 wants is training.

Hand-held radiation detector complements radiation portal monitor. “Definite” thing to have if you
have a portal monitor. The portable hand-held unit provides a confirmation of what it is, which also
adds a safety benefit [to the inspector]. It is R1’'s understanding that any radioactive material can be
shielded, even a dirty bomb.

R2 [IR/thermal imaging system] shows one side of vehicle. Would like split screen to see other side of
vehicle. Put equipment too close to building; by the time the truck arrives [at the scale house] it's too
late. The radiation monitor is “very sensitive” and can result in wasted time if it alarms too frequently.
“You want to hear every alarm, but you don’t want to chase down every truck.”

R3 Can't think of anything else. R3is “sure it's a good piece of equipment,” but is not generating the
return on investment that it could be generating. States come in and visit the system, but they can’t
tell them how to use it. The system is in password protected mode, black screen. R3 has never been
given info, and hitting enter twice doesn’t even work (earlier instructions provided to them).

R4 Record of trucks coming though is beneficial. A record is nice. The radiation monitor is nice to have
because of the nature of shipments. Needs to be finely tuned to limit false alarms on bricks and
toilets. Needs an alarm cutoff. So many alarms going off.

R5 Training, reference materials, contact information that allows inspectors access to personnel with a
working knowledge of equipment.

R6 Real-time information that would be useful in locating violations that occur within the facility.

A5 | What would make you, or others you work with, use ISSES or utilize it more than you are currently using it?

R1 Training.

R2 Hire someone to sit and monitor ISSES. Thinks it's staffing more than training.

R3 Training.

R4 More training to familiarize us with equipment.

R5 Just knowing how.

R6 Initial training on the equipment.

B. Questions to be asked if interviewee uses any p  ortion of the ISSES Equipment
B1 | Do you recognize noticeable gaps in the data provided by the ISSES (or a particular subsystem)?

R1 No idea.

R2 No, not sure what to look for though.

R3 The gap is that [inspectors] never know when equipment is working because it is password protected.
(Kentucky Transportation Center staff visited the station and it was a big disappointment to see that it
wasn’t working. Vendor technical support specialist has been there about 3 weeks.)

R4 Noticeable gaps in operation. More days not working than working. IR device is pretty consistent, “a
lot more reliable.”

R5 N/A

R6 No gaps noticed with thermal equipment.

B2 | Does the ISSES generate too much information for weigh station staff to appreciate and use in the time
available for an inspect/bypass decision?

R1 Again, can’'t answer because R1 doesn’t know enough about system. “Let’'s have a conversation
again in 6 months” after training.

R2 For audible radiation alarms, 90% of them are a waste of time. In terms of too much information,
“Yes, in that it is constantly sending off alarms.”

R3 Don’t know.

R4 Not really. R4 utilizes ISSES for brakes. For the IR siting, it could work [better] further away, not
closer that's for sure. (But not too far away, either, because inspectors could mix up trucks.)

R5 N/A

R6 No for thermal equipment. Unable to answer for the radiation equipment.

B3 | Are there ISSES features or functions that could be changed or that future upgrades could offer?

R1

For radiation portal monitor, R1 would like to retrieve information such as where the radiation is
located, how much is there, and generate an “e-mail to whomever.” R1 can do this with the hand-
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held, but not on portal.

R2 See both sides of truck for IR device.

R3 Don’t know. Lapse in ALPR recognition perhaps, then when the ALPR system is working, the
USDOT number system won't work. Inspectors use IR or radiation monitor during downtime.

R4 As far as an ALPR addition, states check through NCIC database, hit on license plate, run it against
NCIC database.

R5 N/A

R6 Unknown at this time.

B4 | What benefits does the ISSES offer? Do these benefits make your job more convenient/easier compared to the
legacy system?

R1 Don’t use it enough; just radiation portal monitor when something goes wrong.

R2 Doesn'’t see what it actually does. It does get USDOT number, but is no benefit to people on-site.
Those who benefit [from ISSES] are those operating remotely.

R3 No, it doesn’t make job easier. ISSES would offer benefits if we knew how to utilize it.

R4 Gives you a heads up with respect to IR and radiation monitor. Soil density meter example: R4 knew
“right where to look” and then used hand-held radiation detector to verify (gave off loud alarm). Good
to have both hand-held (to verify at scale house) and stationary portal monitor.

R5 N/A

R6 Unable to answer.

B5 | What aspect of the ISSES equipment enables you to perform your job function better?

R1 Not much, but for vehicle inspectors, the IR should benefit them.

R2 Haven't used it, don’t know, and don’t have time. R2 was trained on radiation monitor and IR device
and does not feel that additional training is needed. The hand-held radiation detector is not enough
insurance for him to feel safe.

R3 IR device helps. The majority will be IR. R3 does not need training to distinguish between brake
colors (i.e., white=hot; black=cold).

R4 Heads up, additional information.

R5 N/A

R6 Seems to be much easier to locate possible brake defects with the IR/thermal system than working a
location without it.

B6 | Comment on the system. Does the ISSES equipment perform as expected, based on the specifications or
product literature? If not, elaborate on the performance of the particular subsystem.

R1 Again comes back to training. Really don’t know enough to answer.

R2 No comment.

R3 No idea.

R4 IR pretty much performs satisfactorily; others unsatisfactory/unreliable as far as daily functions.

R5 N/A

R6 Unable to answer.

B7 | Does one subsystem add more value than another, or do all subsystems equally help you perform your job

function better? (e.g., “Subsystem X helps staff perform their job functions better, but Subsystem Y is difficult
and time-consuming to interpret”)

R1 Really don't know enough to answer.

R2 Doesn't help R2 do his job better.

R3 IR.

R4 Radiation monitor and IR device provide more information.
R5 N/A

R6 Unable to answer at this time.

C. Training Questions

C1

Has training been provided for the use of the ISSES equipment? If so, how long did the training last? If not,
how much training would be needed to become proficient in any of the ISSES subsystems?

R1 No training has been provided. Not sure of a timeline, at least a couple days [would be needed].
Again, don't know the capabilities of the system to really give training timeline.

R2 No training has been provided; some training for IR device and radiation monitor. R2 is accountable
for so many inspections: 6 to 7 inspections/day; each inspection runs 45 minutes to one hour.

R3 No training has been provided, and it's hard to say the amount of training needed. Nothing “over their
heads.” Nuclear scientists aren’t on site.

R4 As technicians work on system, they have given him info, more like self-motivated training, nothing
formal.

R5 No. Details of training content are unknown to me. | need more information to answer accurately.
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R6 | Not at this time. Should need a couple of days to train.

C2 | Are specifications or documentation (e.g., user's manual) on the ISSES equipment available on-site? Was it
detailed enough, what details were missing? What kind of additional documentation would be useful?

R1 Some of it is, probably not all of it, though. R1 probably looked more through it than anyone. Some
radiation portal monitoring information exists. Documentation [that would be helpful] include user-
friendly training manuals and “cheat sheet” or “Cliff's notes.”

R2 Not sure if anything is here. There is a one-page flowchart on high-pitch radioactive protocol,
provided by Frankfort, and maybe posted on wall.

R3 Anything would be useful at this point.

R4 Not that he’s aware of. Useful info would be a flowchart or quick reference guide for different aspects
of system.

R5 No and N/A.

R6 Basic response guides are available. Unable to answer without knowledge of operation of radiation
equipment.

C3 | How do inspectors or managers deal with the potential liability for missed detections of unsafe or high-risk

trucks, which might traverse the weigh station and then become involved in a crash caused, for example, by
faulty brakes? Is there an ISSES operating protocol that helps inspectors detect as many unsafe trucks as
possible or practical, and if so, how effective is that protocol?

R1 Inspectors do not know if they missed a faulty brake; not sure IR would [either]. Officers will chase
down vehicles running. If there is a protocol, he hasn’t seen it.

R2 ISSES doesn’t show you things that could be faulty (e.g., broken air reserve tank, things under truck
could fall out, straps). IR doesn't help here.

R3 No.

R4 No personnel assigned to monitor; manpower is an issue.

R5 Check policies through KVE HQ. Again, you will need to contact KVE HQ for Policy and/or
Procedures release.

R6 Unable to answer.

D. Selection Efficiency

D1 | Other than information from the ISSES, what specific data is collected from the commercial vehicle prior to
making a decision on whether to inspect?

R1 At officer’s or inspector’s discretion. A number of things: look at a truck and see a violation or they
don't see anythin%. No “specific data” is collected unless they see something. Not designed to
inspect “every 10" vehicle.”

R2 Condition of vehicle, USDOT number, company name, and tire conditions gives him an idea on
whether to inspect.

R3 General appearance of truck, past experience with a particular carrier and weight.

R4 It's random; notice obvious violation.

R5 N/A

R6 Quick visual inspection and tax information that is obtained by data entry.

D2 | How is this information collected (sensors, WIM, cameras, eyesight, etc)?

R1 Could be eyesight, sensors (one WIM on interstate, one on ramp) or cameras.

R2 Eyesight. One WIM coming off interstate shown on a screen up front. Keeps an eye on WIM screen
to help detect overweight and other stuff.

R3 Eyesight, WIM.

R4 Eyesight primary. IR camera and WIM are utilized the most. Trucks are automatically directed to
scales. No in-house alarm. There is an audible alarm if it bypasses scale. Need another camera as
to which audible truck is alarming.

R5 N/A

R6 Eyesight and data entry.

D3 | Are any external data sources (SAFER, SafeStat, Query Central) used to supplement data collected at the
site?

R1 Yes, all of them.

R2 Uses SAFER & Query Central a lot. R2 doesn't use SafeStat.

R3 Yes all three. Not so much SafeStat, more of “compliance review” safety score, past inspections.

R4 Utilize SAFER and QC (weight and tires to SAFER).

R5 N/A

R6 SAFER and Query Central are used.

D4 | What are the main pieces of information collected from the Kentucky Clearinghouse database to help with

inspection selection decisions?
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R1 Check with an inspector for this question.

R2 Use Kentucky Clearinghouse to see whether truck has Kentucky fuel tax credentials.

R3 If the vehicle is in the database, if their taxes and insurance are current.

R4 Not sure.

R5 N/A

R6 None.

D5 | Based on all data collected, how are decisions related to inspections made? What methodologies play a role in
the decisions (ISS algorithm, inspector judgment, etc)? How much is based on data collected and how much is
based on inspector observation and judgment?

R1 It's hand in hand, obvious violation equals inspection. Data and judgment comes into play, including
SAFER database.

R2 a) inspector judgment and b) solely based on inspector observations and judgment

R3 Inspector judgment to determine flat tire, lights out, placard violations, obvious defects.

R4 Pretty much solely judgment based on scales or alarms that go off.

R5 N/A

R6 Mostly based on judgment, 75% observation and 25% data based.

D6 | How has the inspection selection process changed with the integration of ISSES at the London site?

R1 It has not changed much. Last year IRIS vans were used, on-site 1 to 2 times per month. Itis
expected to be back at least once a week. On-site IR system has more benefits than IRIS (is
convenient); one could complement the other.

R2 Don’t think it's changed any.

R3 Not a whole lot.

R4 WIM, not ISSES, has increased number of overweight vehicles pulled over. ISSES change is that it
now gives a “heads up.”

R5 N/A

R6 Not at all.

E. Future Deployments: (perhaps discuss these ques  tions as a group, if possible)

E1 | Would the ISSES yield greater benefits if it were more fully integrated with state and national systems, such as
Query Central, state inspection or licensing databases, SAFER, Commercial Driver License Information
System (CDLIS), National Law Enforcement Telecommunication System (NLETS), etc.?

R1 Yes, the way it is now you have to run USDOT number against 1 to 2 places to get information. To tie
all together would make inspector’s job easier.

R2 Believe it would.

R3 No idea.

R4 USDOT readers connected to a database would be useful. Siting is an issue; where scanners are
currently located makes it hard to make the inspection decision in time.

R5 Yes.

R6 | think that it would.

E2 | Does each ISSES subsystem work satisfactorily in a stand-alone mode? |
R1 Yes, from what R1 knows.

R2 They should be together; too much stuff is separate. ISSES should be integrated with what is already
available on-site for inspectors. ISSES should be “weaved into databases” (e.g., Query Central).

R3 Don’t know.

R4 As far as scanners, slow down give them “more reaction” time. IR camera mount should be “no
closer than where it is.”

R5 See previous answers.

R6 Unable to answer.

E3 | Would the ISSES data be useful if made available to inspectors in other jurisdictions (e.g., other parts of the
state or similar roadside systems in other states?)

R1 Yes, it would be useful if everybody knew how to operate the system.

R2 Yes, but still need a little convincing.

R3 Don’t know.

R4 Yes, knowing truck came through “time stamped” would make it easier to verify log books. It would
be a big database to keep up with though.

R5 Yes.

R6 | believe that it would be helpful.

E4 | What aspects of the ISSES data do you rely on with the greatest confidence? If there are no aspects that you

rely on, what changes to the system might motivate you to use and rely on the data?

R1 | Would like to know more about it.
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R2 A lot more time to work with system.

R3 IR because you can actually see trucks on the screen (and again little to no training).
R4 IR.

R5 N/A and again, see previous answers on workability and function.

R6 Unable to answer, not familiar with equipment.

E5 | Can you share any lessons learned that would perhaps be useful to other states considering the deployment of

similar equipment? (e.g., working with equipment, training, location of the equipment on-site, etc.)

R1 Would like to know more about it

R2 Location of equipment. Before installing, deployment team needs to gain knowledge about timing.
When a radiation signal [alarm] is sent, an inspector can’t stop the truck in time. Siting issue.

R3 Part of the cost to the machines would include the cost of training.

R4 Give enough reaction time to stop the vehicle; siting concerns.

R5 After initial installation has been completed, make sure training follow-up has been planned to
introduce the system to potential users; specifically operation of the system.

R6 Not at this time.

F. Please answer true or False to the following st atements:

F1 | Inspectors believe that ISSES enables roadside inspectors to perform their job functions better.

R1 True
R2 False, because they don't rely on it all the time, because they don’t have time.
R3 False, again don't know how to use it.
R4 True, because you have heads up advantage.
R5 True.
R6 Unable to answer.
F2 | Inspectors believe that ISSES should be deployed more widely.
R1 True
R2 False, need more time.
R3 False, based on system here.
R4 True, with training
R5 From what | know, | feel that this is a valuable, usable system. As long as personnel are properly
trained to make full use of and take proper advantage of all aspects of the system, | would say yes.
R6 Unable to answer.
F3 | Inspectors found their training and user documentation for ISSES to be helpful to them in their normal course of
duties.
R1 True, if training was provided.
R2 False, need more knowledge.
R3 False, none received.
R4 I'll answer it after it happens.
R5 N/A
R6 Not been trained yet.
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Appendix D.
Prior Research on Infrared Brake Screening Technolo gy for CMVs

This appendix comprises a short summary of the US[XD00) study conducted to evaluate
infrared brake screening technology. The full repoavailable online at:
http://www.itsdocs.fhwa.dot.qov//JPODOCS/REPTS T&339.pdf

A study was conducted from June 1999 to May 200baalf of FMCSA, in which a mobile IR
camera-based inspection system (IRISystem) wasi@eal in four states (FMCSA 2000). The
IRISystem enables the operator to recognize wheeeds, and other components that are
markedly hotter or colder than normal, which caniy brake defects and other potential safety
problems.

In the FMCSA study, 392 commercial motor vehiclesavidentified by the operator of the
IRISystem and were pulled out of the traffic streafinese vehicles were subjected to a
Commercial Vehicle Safety Alliance (CVSA) Levelrispection. Most of the vehicles selected
for inspection had potential defects or problemslaserved by the system operator. Some
“control group” vehicles with no evident problemsserved in the IRISystem screening were
also pulled for Level 1 inspection, to reduce tbeeptial for bias on the part of the Level 1
inspector.

Results from the vehicles selected for inspectgingithe IRISystem in this field study were
compared with inspection results as recorded irStfetyNet system for all inspections from
1997 to 1999 in the four participating states: @&g Kentucky, North Carolina, and Tennessee.
The percentage of vehicles placed out of servic@Jafter IRISystem screening (59%) was
significantly greater than the percentage of vesiglaced OOS using the previous screening
methods (27%), or more than twice as effective.thoge vehicles placed OOS after IRISystem
screening, nearly 80% were placed OOS for brakiavoms.

The percentage of vehicles with brake violatiorgseased by 2.5 times, from 34% with current
screening methods to 84% with IRISystem screerfiddSA 2000, pg. ix).

It was noted that the brake violations reportethia study were not necessarily all OOS
violations. That is, a vehicle could have a brdk&ect recognized as a violation in a CVSA
Level 1 inspection, but the defect is not suffitieause to place the vehicle OOS.

Other relevant findings from this study were:

1. The majority (90%) of the problematic wheelsared by the IRISystem operator
were cold brakes (pg. 20).

2. The majority of problems identified during IRE3m screening were located on
the trailer wheels on the far side of the CMV wiglspect to the IRISystem van.
This may have been due in part to wheel coverfiemear-side wheels, which
obstructed the view of the brake components oretid®eels, and the better lines
of sight from the IRISystem to the far-side backeets (pg. viii).

Kentucky CVSA/ISSES Technical Report D-1 January 31, 2008



3. The presence of brake defects or deficiencasawood indicator that other
repairs were needed on the CMV (pg. viii).

4, Mainline screening of CMVs at speeds greatem &amph was attempted with
the IRISystem, but it was determined not to betarakin this study (pg. 20).

Reference

USDOT. (2000). Evaluation of Infrared Brake Scregnlechnology: Final Report. Report
prepared for Federal Motor Carrier Safety Admimgtm, U.S. Department of Transportation,
Contract No. DTFH61-96-C-0007. Report No. DOT-MG@17, NTIS PB2001-100010, EDL #
13339, available ahttp://www.itsdocs.fhwa.dot.gov//JPODOCS/REPTS T&339.pdf
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Appendix E.

Maintenance Summary (April — August 2007)

For ISSES Equipment Deployment at Laurel, Kenton, ad Simpson Counties (KY)

Iltem | Location / Date Reason
1 | Simpson Co. Vendor personnel moved the cables for the new sxaisole install.
April 20, 2007 They discovered the DVR was not working. Workinighwl oshiba
technical support, vendor personnel re-installededs, which
returned it to working order.
2 | Laurel Co. The USDOT number reader camera was not workinge @rhe
May 25, 2007 fiber optics converters was defective. Vendor pengl replaced it,
which resolved the issue.
3 | Kenton Co. The thermal imaging camera stopped working, whiehdor
July 16, 2007 personnel attributed to a potential lightning srikrhe manufacture
repaired the system by replacing a circuit board.
4 | Simpson Co. The PTZ (pan-tilt-zoom remote video control) on tverview
August 2, 2007 | camera stopped working during a severe electricains Vendor
personnel returned the system to the manufactUriee.
manufacturer repaired the system by replacingaitiboard.
5 | Laurel Co. The thermal imaging camera stopped working, whiehdor
August 30, 2007 | personnel attributed to possible lightning. Thenafacturer repaireq
by replacing a circuit board.
Comments

= As far as the hardware components, the systemdeas\ery reliable.

= Because of power interruptions, mainly at the Landite, vendor personnel have had to r
boot a server or re-cycle power to some devicesvaimes.

= Vendor personnel are investigating the need fdallisg and implementing uninterruptible
power supply (UPS) systems at weigh station sites.

= |SSES software relies on many subsystem hardwéiese components working properly
in order to continue operating.

» The resolution of ISSES software issues occupiesrajority of vendor technical support

personnel time.

= |SSES software itself may not be the cause of thblpm. All network and ISSES system:
need to be manually restarted after power intelmaptor other system issues. This is
sometimes attainable via remote access; howeveoime occasions requires site visits an
unavoidable downtime.

= Until an integrated plan for the hardware and safenis implemented, the ISSES is
vulnerable to downtime because of any potentiad\ware/software-related component

issues.

= |tis anticipated that downtime will be avoided erthe production version of ISSES is

installed.
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Adapted from e-mail message from David Hunsucker, Kentucky Transportation Center, to independent evaluator, October 17,

2007.
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